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PEP  Peak  Envelope  Power 

PLL  Phase  Locked  Loop 

PLRS  Position  Locating  Reporting  System 

PLSS  Position  Location  and  Strike  System 
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LIST  OF  ABBREVIATIONS  (cont.) 


PN 

Pseudo  Noise 

PNFH 

Pseudo  Noise  Frequency  Hopped 

PRICE 

Programmed  Review  of  Information  for  Costing  and 
Evaluation  (RCA  terminology) 

PSF 

Positive  Signal  Feedback 

PSK 

Phase  Shift  Keying 

PWB 

Printed  Wiring  Board 

RFLSI 

Radio  Frequency  Large  Scale  Integration 

RF/IF 

Radio  Frequency/Intermediate  Frequency 

S 

Select  (switch) 

SAM 

Standard  Avionics  Module 

SAW 

Surface  Acoustic  Wave 

SINCGARS 

Single  Channel  Ground  and  Airborne  Radio  System 

SSE 

Single  Side  Band 

SSP 

Special  Signal  Processor 

SPAT 

Single  Pole.,  Four  Throw  (switch) 

TACAN 

Tactical  Air  Navigation 

TBD 

To  Be  Determined 

TDMA 

Time  Division  Multiple  Access 

T/R 

Transmit/Receive 

VCO 

Voltage  Controlled  Oscillator 

VHSIC 

Very  High  Speed  Integrated  Circuit 

VLSI 

Very  Large  Scale  Integration 

APST 

Four  Pole,  Single  Throw  (switch) 

1.  INTRODUCTION  AND  SUMMARY 


1.1  INTRODUCTION 

The  demands  of  modern  military  avionic  communication,  radio  navigation, 
and  cooperative  identification  (CNI)  equiment  has  been  greatly  expanded  as 
the  result  of  the  need  for  anti  jam  (AJ),  low  probability  of  intercept 
(LPI),  higher  navigation  accuracy,  and  increased  volume  of  information 
transfer.  These  demands  are  verified  in  programs  such  as  GPS,  JTIDS, 

SEEK  TALK,  SINCGARS  and  AFSAT  I  and  II.  The  cost  of  this  additional 
capability  has  severely  hampered  the  ability  of  the  Government  to  procure 
new  CNI  systems  and  equipment  with  desired  performance  capabilities.  The 
problem  is  further  compounded  by  the  lack  of  available  space  in  the 
tactical  aircraft,  the  transition  of  new  equipment  into  the  inventory, 
and  the  retention  of  many  current  systems.  The  multifunction  multiband 
airborne  radio  system  (MFBARS)  program  is  formulated  to  explore  the 
feasibility  of  producing  a  modern  CNI  system  at  an  affordable  life  cycle 
cost  (LCC)  and  within  real  estate  requirements. 

Another  objective  of  the  MFBARS  program  is  the  capability  to  accom¬ 
modate  the  CNI  systems  in  the  2  to  2000  MHz  frequency  band  as  tabulated 
in  Table  1-1.  Most  of  these  CNI  systems  are  currently  under  development; 
however,  some  currently  operating  systems  were  also  included.  Thus,  in 
order  to  achieve  the  highest  usefulness  the  MFBARS  is  required  to  be 
operational  by  the  late  1980' s. 

The  MFBARS  program  is  divided  into  three  phases:  (1)  System  defini¬ 
tion,  (2)  System  design,  and  (3)  Validation  of  the  new  technology  required 
to  implement  the  MFBARS  baseline  system  developed  in  Phases  I  and  II. 

Phase  I  and  II  studies  have  been  completed.  The  results  are  presented 
in  this  report,  which  is  submitted  in  fulfillment  of  the  CDRL  requirement 
of  contract  F33615-77-C-1172. 

Phase  I  concentrated  on  defining  alternative  architectures  and 
developing  an  approach  for  economic  comparison  of  the  different  archi¬ 
tectures.  Phase  II  efforts  were  devoted  to  system  design,  system  analysis, 
and  refinement  of  economic  analysis  of  a  selected  MFBARS  architecture. 

The  design  and  evaluation  of  the  adaptive  antenna  system  and  integrated 
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inertial  navigation  system  (INS)  for  MFBARS  application  were  also  utilized. 
In  addition,  the  key  technologies  required  to  implement  the  selected  base¬ 
line  MFBARS  system  were  identified  in  Phase  II.  A  recommendation  was  made 
for  the  development  of  some  high  priority  items  on  the  basis  of  their  cost 
and  performance,  as  well  as  long-lead  development  time. 

The  work  performed  consisted  of  eight  tasks  each  in  Phases  I  and  II  as 
follows: 

1)  Phase  I 

•  Task  1  -  Identify  areas  of  functional  commonality  across  CNI 

systems  and  propose  functional  mechanizations  in 
light  of  probable  applications  for  each  radio  func¬ 
tion.  The  primary  input  to  this  effort  was  a  require¬ 
ments  analysis  furnished  by  the  Government. 

•  Task  2  -  Identify  and  list  significant  tradeoffs  and  recommend 

approaches  and  criteria  for  the  evaluation  of  alterna¬ 
tive  MFBARS  designs.  Make  recommendations  to  advise 
the  Government  in  selecting  a  suitable  cost  model 
approach,  exercising  the  selected  cost  models,  and  in 
evaluating  the  results. 

•  Task  3  -  Identify  and  evaluate  technology  for  implementation 

of  the  functional  mechanizations  previously  identi¬ 
fied  in  task  1.  The  time  frame  of  implementation, 
i.e.,  1935,  was  evaluated  against  emerging  technol¬ 
ogies  and  a  best  fit  recommended.  Alternative 
technologies  were  also  listed  and  identified. 

•  Task  4  -  Generate  and  describe  several  different  MFBARS 

architectures.  Consideration  was  given  to: 

—  DAIS  compatibility 

-  Comparative  economic  analysis 

-  Predictions  of  applicable  technologies 

-  Growth  to  accommodate  new  CNI  systems 

•  Task  5  -  Several  cost  models  established  in  task  2  were 

exercised  to  provide  quantitative  assessment  of  the 
comparative  economics  of  alternative  architectures 
developed  in  task  4.  Consideration  was  given  to 
the  entire  life  cycle  cost,  i.e.,  development, 
acquisition,  installation  and  logistic  support. 


•  Task  6  -  High  leverage  cost  drivers  were  identified  and 
economic  criteria  developed  for  use  in  task  7. 


t  Task  7  -  On  the  basis  of  results  of  tasks  1  through  6,  as 

well  as  engineering  judgement,  a  number  of  potential 
architectures  were  selected  for  further  consideration. 
The  output  of  this  task  was  used  to  support  the 
Government  in  establishing  a  rationale  for  evaluating 
these  relatively  unconstrained  approaches,  and  to 
provide  criteria  for  selecting  those  most  promising 
for  further  investigation  and  detailed  design 
efforts. 

•  Task  8  -  The  Phase  I  interim  report  documents  all  Phase  I 

activity,  presents  the  results  of  tradeoffs  and 
analyses,  and  recommends  architectures  for  the 
Phase  II  effort. 

2)  Phase  II 

•  Task  1  -  Generate  preliminary  designs  on  the  selected  approach 

to  define  the  system  architecture  and  obtain  better 
assessment  of  technology  requirements  and  system 
performance. 

•  Task  2  -  Perform  detail  partitioning  and  detail  design  to 

achieve  modularity  and  commonality  of  modules  in  the 
MFBARS  system.  The  partition  was  based  on  technol¬ 
ogies  which  can  be  achieved  by  1985  or  earlier. 

•  Task  3  -  Perform  conceptual  design  for  a  high  performance, 

cost  effective,  integrated  adaptive  antenna  array 
system  for  the  MFBARS  service. 

•  Task  4  -  Generate  an  alternative  system  design  on  an  inte¬ 

grated  inertial  navigation  system  for  the  MFBARS  and 
determine  the  software  requirements  for  each  of  the 
system  designs. 

•  Task  5  -  Update  economic  analysis  and  cost  data  from  the 

results  generated  in  the  Phase  II  system  design 
effort. 

•  Task  6  -  Identify  critical  technology  areas  associated  with 

the  MFBARS  realization  and  define  and  recommend 
technology  validation  tasks  for  Phase  III. 

•  Task  7  -  Phase  II  extension  effort  TBD. 

•  Task  8  -  Preparation  of  a  final  report.  Includes  the  results 

of  Phase  II  extensions,  as  well  as  Phase  I  and  II 
tasks. 

The  results  of  performing  the  tasks  in  Phases  I  and  II  are  summarized 
in  the  following  section  and  are  presented,  in  detail,  in  the  remainder  of 
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this  report.  However,  all  Phase  I  materials  not  superseded  by  Phase  II 
studies  have  been  included  in  this  report.  The  remainder  of  the  report  is 
organized  into  eight  sections.  The  results  of  system  design  are  presented 
in  Section  2,  which  begins  with  a  definition  of  system  requirements  and 
includes  the  description  of  the  baseline  system  design.  Section  2  finally 
describes  the  alternate  system  design  developed  in  Phase  I.  Section  3 
provides  a  short  description  of  the  results  of  partitioning  the  baseline 
system  into  modules/slices  and  line  replaceable  units  (LRU).  The  adaptive 
antenna  array  study  results  comprise  Section  4.  Section  5  includes  a 
detailed  discussion  of  topics  related  to  the  design  of  RF/IF  subsystems, 
including  low  noise  and  power  amplifiers,  RF  LSI  circuits,  frequency 
synthesizers,  and  SAW  devices.  The  microsignal  processor  design  is  des¬ 
cribed  in  Section  6.  Sections  7  and  8  present  the  results  of  the  inte¬ 
grated  inertial  navigation  system  study  and  the  economic  data  analysis, 
respectively.  The  report  concludes  with  the  presentation  of  the  definition 
and  recommendations  for  technology  validation  tasks  to  be  carried  out  in 
Phase  III. 

1.2  BASELINE  SYSTEM 

To  fulfill  the  program  objectives,  Phase  I  was  initially  concentrated 
on  conceptual  definition,  preliminary  system  design,  and  trade-off.  Five 
major  areas  on  each  of  the  CNI  functions  were: 

1)  Frequency 

2)  Range 

3)  Modulation  format 

4)  Spread  spectrum  processing 

5)  Transmit  power  requirement. 

These  were  studied  in  order  to  set  up  requirements  and  develop  MFBARS 
architecture.  In  developing  alternative  architectures ,  it  was  quickly 
determined  that  there  were  only  two  basic  architectures  and  numerous 
variations  within  each  architecture.  The  basic  architectures  are  a 
centralized  time-shared  terminal  and  a  distributed  channelized  terminal. 

A  fully  centralized  terminal  would  involve  digitizing  at  the  drfenna 
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!'  and  processing  everything  in  an  ultra  high-speed  digital  signal  processor 

running  at  near  GHz  clock  rates.  This  approach  was  clearly  beyond  the 
MFBARS  technology  time  frame. 

Thus,  the  RF  architecture  reverted  to  the  conventional  chain  of 
preselector,  downconvertor,  IF  amplifier,  and  signal  processing  with  one 
such  channel  used  for  each  frequency/band/service.  For  the  nonspread 
spectrum,  service  is  sufficiently  narrow  in  bandwidth  and  limited  dynamic 
range  to  be  further  processed  by  state-of-the  art  digital  techniques. 

Thus,  the  architectures  which  were  evaluated  in  the  study  were  basically 

limited  to  centralized  and  distributed  signal  processing. 

t 

The  TRW  recommended  baseline  is  a  hybrid  architecture  where  the  RF 

i  front  end  is  essentially  a  distributed  channelized  system,  which  is 

reassembled  and  processed  at  a  central  microsignal  processor. 

The  proposed  MFBARS  architecture  places  great  emphasis  on  employing 
standard  nodules.  TRW's  approach  to  achieve  standardized  modules  is  based 
on  the  realization  that  all  CNI  systems  can  be  broken  down  into  five 
basic  processing/operating  subsystems  (Figure  1-1): 

I 

i  •  Antenna  System  (with  or  without  adaptive  processor) 

I 

j  •  Frequency  dehopping  converter 

•  PN  correlator/IF  processor  (programmable  to  achieve  functional 
requirements) 

•  Microsignal  processor  (MSP) 

•  Transmitter. 

The  antenna  system  is  envisioned  to  consist  of  either  conventional 
nonadaptive  antennas  or  adaptive  array.  When  anti  jam  requirements  exceed 
the  capabilities  of  the  original  system,  adaptive  antenna  arrays  are  to 
be  used.  Otherwise,  conventional  antennas  are  sufficient.  Preselectors, 
when  needed,  are  also  included  as  part  of  the  antenna  system.  The  main 
functions  of  the  frequency  dehopping  converter  channel  are  to:  (1)  convert 
the  incoming  signal  covering  the  frequency  spectrum  of  2  MHz  to  2  GHz 
into  a  common  IF,  (2)  perform  dehopping,  if  necessary,  and  (3)  reduce 
the  output  dynamic  range  by  means  of  AGC.  The  PN  correlator/IF  processor 
performs  PN  despread  and/or  processes  the  IF  signal  into  a  suitable  form. 

i 
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Figure  1-1.  Generalized  Multifunction  Multiband 
Radio  System  (MFBARS) 


and  at  a  sufficiently  low  rate  for  processing  at  the  microsignal  processor. 
The  final  signal  processing  step  takes  place  in  the  microprocessor,  which 
maintains  basic  control  of  the  MFBARS  terminal  as  well  as  of  the  demodu¬ 
lation,  synchronization,  detection  of  the  received  signal,  and  interfacing 
with  terminal  users  via  the  DAIS  bus.  For  transmission,  the  microsignal 
processor  codes  the  user  input  into  a  suitable  signal  waveform.  Coding 
may  involve  spread-spectrum  coding,  error  correction/detection  coding, 
and  simple  formatting.  The  transmitter/exciter  performs  the  modulation, 
frequency  hopping,  and  amplification  to  the  proper  power  level  for 
transmission. 

Ideally,  the  proposed  system  concept  could  be  implemented  with  one 
design  for  each  of  the  five  operating  subsystems  covering  the  entire  three 
decades  of  frequency  range  (2  to  2000  MHz).  (Refer  to  Figure  1-1).  The 
MFBARS  terminal  can  then  be  configured  with  as  many  subsystems  as  required 
to  accommodate  the  CNI  user  requirements.  For  added  flexibility  and  reli¬ 
ability  matrix  switches  can  be  used  to  cross  strap  the  five  operating 
subsystems. 

However,  technology  limitations  will  not  allow  such  an  implementation. 
Fortunately,  the  CNI  function  in  MFBARS  does  not  require  continuous 
coverage  of  the  entire  frequency  range  and  can  be  easily  broken  down  into 
two  separate  bands;  the  higher  frequency  band  covers  the  L-Band  of  960  to 
1575.42  MHz  and  includes  the  GPS,  JTIOS,  TACAN  and  IFF  functions,  and  the 
lower  frequency  bands  cover  from  HF  to  UHF  (2  to  400  MHz).  The  TRW 

baseline  system  is  configured  on  the  basis  of  this  frequency  separation. 

The  designs  for  these  five  subsystems  are  described  in  detail  in  the 
following  paragraphs. 

1.2.1  Antenna 

When  conventional  antennas  are  used,  seven  antennas  are  required  to 
cover  the  frequency  range  and  to  overcome  the  aircraft  blockage.  As 
shown  in  Figure  1-2,  the  seven  antennas  are: 

Antenna  MHz 

•  GPS  1228  to  1575 

•  L-Band  top  960  to  1215 
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Figure  1-2.  MFBARS  Block  Diagram,  TRW  Design 


L-Band  bottom 

960 

to 

1215 

UHF  top 

100 

to 

400 

UHF  bottom 

100 

to 

400 

VHF 

30 

to 

100 

HF 

2 

to 

30 

When  the  adaptive  antenna  is  contemplated,  preliminary  studies  indicate 
that  two  adaptive  antenna  arrays  are  needed.  One  antenna  array  covers 
the  L-Band  and  will  replace  the  GPS,  L-Band  top  and  L-Band  bottom,  serving 
GPS  and  JTIDS  simultaneously.  The  other  covers  the  UHF  band  and  replaces 
the  UHF  top  and  UHF  bottom  antennas.  The  resulting  array  serves  the 
SEEK  TALK  and  SINCGARS.  The  recommended  adaptive  antenna  array  processor 
design  is  based  on  the  hybrid  digital  analog  approach  where  beam-shaping 
is  performed  with  analog  circuits  and  the  adaptive  algorithm  is  processed 
by  means  of  a  digital  processor.  Even  though  the  configuration  recommended 
shares  some  of  the  receiver  RF/IF  circuits,  the  adaptive  antenna  system 
is  basically  separate  and  allows  the  MFBARS  receiver  to  be  used  without 
the  adaptive  antenna  system  for  those  applications  which  do  not  require 
additional  AJ  protection  of  null  steering. 

1.2.2  RF  Frequency  Dehopping  Converter 

Two  RF  frequency  dehopping  converter  designs  are  proposed  for  the 
MFBARS.  One  covers  the  L-Band  and  the  other  HF/VHF/UHF.  The  main 
functions  of  the  converters  are  to  translate  the  incoming  signal  into  a 
conmon  IF,  70  MHz  for  the  HF/VHF/UHF  and  186  MHz  for  L-Band.  A  fast 
hop  frequency  synthesizer  is  also  included  as  part  of  the  RF  converter 
to  accommodate  spread-spectrum  systems  using  frequency  hopping,  i.e., 

JTIDS,  AFSATCOM,  etc.  Two  indirect  frequency  synthesizer  designs  are 
used  to  cover  the  two  separate  bands.  The  L-t'and  frequency  synthesizer 
covers  the  JTIDS  requirements  and  the  other  synthesizer  is  used  to  process 
the  HF/VHF/UHF  signals  which  include  AFSATCOM  and  SINCGARS.  The  converter 
also  includes  variable  gain  RF  and  IF  amplifiers  which  can  be  used  as  AGC 
amplifiers  to  reduce  the  dynamic  range  at  the  output. 


1.2.3  PN  Correlator/IF  Preprocessor 


The  desired  approach  of  haying  a  single  design  programmable  PN/ 
correlator  preprocessor  also  has  to  be  compromised  because  of  the  diversity 
of  waveforms  and  processing  speed  requirements.  At  one  extreme,  the  GPS  | 

and  JTIDS  signals  are  spread  with  10  MHz  PN  code,  whereas  the  HF  voice  j 

as  a  conventional  single  sideband  AM  requires  only  3  kHz  IF  bandwidth.  i 

However,  partial  design  standardization  can  be  achieved  and  the  MFBARS  j 

requires  only  five  preprocessor  designs;  narrowband,  nonspread  signal  ] 

(such  as  conventional  voice  and  data  communications)  can  be  demodulated,  j 

detected  and  processed  directly  by  the  microsignal  processor.  In  these 
cases,  the  preprocessor,  basically  consists  of  quadrature  sampling  and 
quantizing  the  IF  signals.  This  processor  is  applicable  to  all  MFBARS 
functions  in  the  HF/VHF/UHF  band  except  for  SEEK  TALK,  which  requires 
its  own  special  preprocessor,  yet  undefined,  to  strip  the  PN  code  from 
the  spread-spectrum  signal.  The  third  preprocessor,  which  is  designed 
to  detect  pulse  signals,  can  be  used  for  both  TACAN  and  IFF  applications. 

The  other  remaining  two  preprocessors  are  required  for  GPS  and  JTIDS. 

1.2.4  Microsignal  Processor 

The  baseline  microsignal  processor  is  to  be  a  high-speed,  centralized 
microsignal  processor  (MSP)  which  consists  of  a  pair  of  signal  processors  ' 

tightly  coupled  through  a  matrix  switch  network.  Each  processor  has  four 
modules  (RAM,  MPY,  CPU,  and  I/O).  This  configuration  is  considered  to 
be  a  2  x  2  matrix  signal  processor.  It  has  an  operating  speed  of  64  MIPS, 
which  is  in  excess  of  the  MFBARS  requirements  of  41  MIPS.  The  breakdown  j 

of  MFBARS  processing  requirements  is  as  follows:  ! 


JTIDS 

20.7  MIPS 

GPS 

7.7  MIPS 

TACAN 

1.2  MIPS 

IFF 

0.5  MIPS 

Narrowband 

Modem 

3.0  MIPS 

Overhead 

7.8  MIPS 

40.9  MIPS 


The  MSP  has  modular  design  and  is  highly  flexible.  It  can  expand  from 
the  2x2  structure  up  to  a  4  x  4  matrix,  with  processing  speed  of 
128  MIPS.  At  its  fully  expanded  configuration,  it  can  be  used  to  perform 
additional  signal  processing  functions  such  as  adaptive  antenna  control 
or  integrated  navigational  system  calculations.  The  MSP  can  also  be 
reduced  to  the  basic  lxl  processor  for  application  where  reduced  MFBARS 
capability  is  desirable,  such  as  the  elimination  of  JTIDS.  The  important 
features  of  the  MSP  are  summarized  as  follows: 

•  High  Availability 

-  Redundancy  and  Reconfiguration 

•  Higher  Order  Language  (HOL)  Compatible 

—  Interpreter/Complier 

-  Assembler/Emulator 

•  High  Data  Throughput 

-  Multiple  Computational  and  Storage  Elements 

•  Low  Life  Cycle  Cost 

-  Maintenance  vs  Production  Cost 

•  Minimum  Physical  Characteristics 

-  Parts  Count  160  IC's 

-  Volume  150  Cubic  Inches 

—  Power  Dissipation  60  Watts 

•  Flexibility  for  Growth/Other  Applications 

-  Modular  by  Function 

—  Programmable 

-  Technology  Transparent 
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1.3  SUMMARY  AND  CONCLUSIONS 

As  will  be  shown  by  the  materials  presented  in  this  report,  the 
MFBARS  Phase  I  and  Phase  II  program  objectives  have  been  essentially 
achieved.  The  more  important  tasks  completed  are: 

•  System  Architecture  Tradeoff 

•  Preliminary  System  and  Hardware  Design  on  the 
Selected  Configuration 

•  Evaluation  of  Key  Component  Requirements  and 
Status 

•  Evaluations  of  Life-Cycle  Cost  on  Selected 
Configurations 

•  Design  and  Evaluations  of  Adaptive  Antenna 

•  Sizing  Integrated  Inertial  Navigation  Data 
Processing  Requirements 

The  study  program  has  produced  a  viable  MFBARS  baseline  system  which 
can  accommodate  all  of  the  required  CNI  systems.  The  baseline  employs 
standard  modules/slices  to  achieve  one  of  objectives  of  reduced  cost  for 
design  and  maintenance.  The  target  for  module  standardization  was 
centered  on  fulfilling  each  functional  requirement  with  a  minimum  number 
of  designs  covering  the  entire  frequency  bandwidth.  Recently  developed 
RF  LSI  and  digital  LSI  circuits  provide  the  key  to  the  development  of 
useful  standardized  modules.  The  results  of  such  efforts  are  summarized 
in  Table  1-2,  which  shows  a  varying  degree  of  success  ranging  from  a 
single  design  for  the  microsignal  processor  to  the  antenna  and  PN 
correlator/I F  Processor,  which  require  five  different  designs.  The  use 
of  standardized  modular  concepts  also  gives  a  high  degree  of  flexibility 
to  configure  the  MFBARS  terminal  in  accordance  with  the  requirements  of 
the  user.  Such  flexibility  is  illustrated  in  Table  1-3,  which  shows 
the  complement  of  standard  modules  required  for  different  applications, 
ranging  from  a  complete  MFBARS  system  to  a  single  function.  Additionally, 
^he  boseline  system  takes  advantage  of  programmable  standard  modules  to 
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Table  1-2.  MFBARS  Standard  Module  Designs 


Functions 

Number  of 
Lasigns 

- -  ■  -  — — — — 

Notes 

Mntenna 

5 

Adaptive 

Array 

2 

one  for  L-Band  and  the  other 
for  UHF 

Frequency 

Dehopping 

2 

one  for  L-Band  and  the  other 
covers  2  to  400  MHz 

PN  Corre- 

lator/IF 

Processor 

5 

one  for  narrow  band  signal 
and  the  four  others  are  for 

GPS,  JTIDS,  IFF/TACAN  and 

SEEK  TALK 

Microsignal 

Processor 

1 

one  fast  processor  to 
cover  all  functions 

Transmitter 

O 

one  for  L-Band  and  the  other 
for  2  to  400  MHz 

Total 

17 

other  supporting  functions, 
such  as  power  supplies  and 
matrix  switches  are  not 
included 

employ  the  following  time  sharing  of  functions  to  reduce  equipment 
complements: 


•  A  single  HF/VHF/UHF  transmitter  for  all  the  functions  in  the 
frequency  band,  i.e.,  SEEK  TALK,  SINCGARS,  HF  Voice,  VHF/FM, 

UHF  SATCOM  etc. 

•  A  single  L-Band  transmitter  for  JTIDS,  TACAN  and  IFF 

•  Five  L-Band  frequency  dehopping  converters  are  time-shared  among 
JTIDS,  GPS,  TACAN  and  IFF  (instead  of  the  eight  channels  required 
when  no  time  sharing  is  used). 

•  Four  HF/VHF/UHF  receiver  module  (frequency  dehopping  converter)  is 
time-shared  among  all  the  HF/VHF/UHF  functions  (instead  of  seven 
or  more  which  would  be  required,  depending  upon  the  total 
complement  systems  to  be  accommodated). 

Time  sharing  reduces  the  complement  possibly  by  half  that  required  when 
not  using  time  sharing. 
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The  results  of  this  study  have  clearly  shown  that  MFBARS  is  a 
viable  concept.  The  technology  required  to  implement  the  baseline  system 
is  currently  available,  even  though  some  maturing  processing  is  required. 
Key  components  can  be  developed  in  time  to  achieve  production  in  the  late 
1980's.  However,  the  key  to  viability  is  the  extensive  utilization  of  the 
recent  TRW-developed  RF  LSI  circuits  in  the  baseline  design. 

Usage  of  RF  LSI  and  the  employment  of  standardized  modules  results 
in  life  cycle  cost  and  real  estate  savings  which  make  the  MFBARS  highly 
attractive.  The  comparison  of  these  savings  as  highlighted  in  Table  1-4, 
which  include  only  the  radio  but  not  the  antenna  system.  The  volume 
saving  is  more  than  4  to  1,  and  could  be  significantly  more  except  for 
the  power  amplifiers  where  the  required  volume  is  basically  limited  by 
thermal  dissipation  requirements.  The  cost  saving  is  in  the  order  of 
$200  M,  based  on  a  production  volume  of  1000  units.  Although  the 
economic  analysis  is  based  on  preliminary  cost  data,  the  basic  3  to  1 
in  cost  savings  is  a  realistic  figure. 

The  baseline  MFBARS  system  employs  advanced  technologies  to  achieve 
an  attractive  system  design.  The  risk  in  realizing  this  system  can  be 
minimized  when  these  advanced  technologies  can  be  validated  prior  to 
advanced  model  development.  As  part  of  Phase  II  studies,  the  critical 
advanced  technology  areas  have  been  identified  and  the  priority  for  their 
undertaking  has  been  developed  for  the  TRW  MFBARS  design.  The  criteria 
for  the  priority  recommendation  is  based  on  the  following  factors: 

t  High  leverage  for  cost  and  size  reduction 

•  Development  lead  time 

•  Uniqueness  to  MFBARS 

•  Risk  minimization  prior  to  advance  development  model. 


Table  1-4.  MFBARS  vs.  Single  Function  CNI  Avionics 


MFBARS 

Single  Function 
Avionics 

Configuration 

3  ATR  Cases 

(One  Full ,  Two  Half) 

13  ATR  Cases, 
Various  Sizes 

Volume 

1.7  Cu.  Ft. 

7.0  Cu.  Ft. 

Weight 

100  Lbs. 

300  Lbs. 

LCC  (Phase  I) 

$100  Million 

$300  Million 

The  primary  tasks  recommended  for  Phase  III  are  presented  in  this 
report  and  summarized  in  their  order  of  their  priority  as  follows: 


1)  Design  development  of  an  RF  LSI  HF/VHF/UHF  receiver  module. 

2)  Validation  and  demonstration  of  the  matrix  signal  processor 
architecture. 

3)  Design  and  development  of  a  wideband  antenna  system. 

4)  Design  and  development  of  an  RF  LSI  quadrature  linear 
amplitude  modulator. 


2.  SYSTEM  DESIGN 


The  basic  requirement  for  the  MFBARS  system  is  to  provide  the 
capability  to  accommodate  the  avionic  functions  of  communications, 
navigation,  and  identification  (CNI)  in  the  frequency  range  of  2  to  2000 
MHz.  For  the  most  part,  these  functions  include  systems  such  as  JTIDS, 

GPS,  SEEK  TALK,  and  SINCGARS,  which  are  still  in  the  development  stage. 
However,  some  currently  operating  systems  (TACAN,  IFF,  HF  and  VHF 
radios)  are  also  included. 

It  would  be  impractical  to  involve  all  of  these  functions  in  an  air¬ 
craft  using  today's  equipment  technology  for  two  reasons:  (1)  real 
estate  constraints,  particularly  on  tactical  fighter  aircraft,  and 
(2)  life  cycle  costs.  The  cost  of  maintenance  of  the  avionic  equipment 
would  be  extremely  high.  The  prime  objective  of  the  MFBARS  system  design 
is  to  achieve  significant  savings  in  both  of  these  areas. 

TRW  believes  the  key  to  achieving  these  fundamental  objectives  is  to 
use  RF  as  well  as  digital  LSI  circuits  extensively.  The  size  and  product 
cost  reduction  is  a  well-known  advantage  of  using  the  LSI  circuit.  It 
also  has  another  equally  important  impact  of  allowing  more  extensive  use 
of  standardized  modules.  In  fact,  because  of  its  size  and  cost  reduction, 
the  standard  module  can  be  more  encompassing  and  flexible  without  being 
prohibitively  large.  Thus,  the  number  of  required  standard  modules  can 
be  reduced.  The  maintenance  cost,  as  well  as  the  total  acquisition  cost 
and,  thus,  the  total  life  cycle  cost,  can  be  further  reduced.  In  fact, 
the  extensive  use  of  RF  and  digital  LSI  circuits  is  the  key  to  the 
viability  of  the  MFBARS. 

The  other  important  features  in  designing  a  system  to  achieve  the 
MFBARS  objective  include  time  sharing  throughout  to  reduce  equipment 
and  modular  construction  to  give  flexibility  for  terminal  configuration. 

Functional  commonality  across  the  CNI  systems  in  MFBARS  is  illustrated 
in  the  block  diagram  shown  in  Figure  2-1.  The  common  thread  through  all 
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Generalized  Multifunction  Multiband  Radio  System  (MFBARS) 


of  these  systems  is  apparent  in  this  block  diagram,  which  shows  the 
totality  of  CNI  functions  and  can  be  broken  down  into  six  basic  processing 
subsystems. 


r 


Ideally,  any  MFBARS  function  can  be  accommodated  within  these  six 
subsystems,  provided  that  each  of  these  subsystems  has  the  capability 
and  flexibility  to  cover  frequency  range  and  waveform  requirements. 

1)  Antenna  Subsystem.  For  receiving  and  transmitting 
signals. 

2)  Adaptive  Antenna  Processor.  Which  provides  antijam 
protection  through  spatial  discrimination. 

3)  Frequency  Hopping  Converter.  Which  performs  the 
function  of  frequency  dehopping  to  compress  the 
desire  signal  into  a  narrower  bandwidth  and  thus 
reduce  the  jamming  signal  power. 

4)  PN  Correlator.  Which  performs  the  PN  despreading 
to  further  narrow  the  bandwidth  and  reduce  the 
jamming  signal  power. 

5)  Microsignal  Processor  (MSP).  A  highly  flexible 
processor  and  which  performs  all  signal 
processing  functions,  such  as  demodulation, 
synchronization,  decoding,  waveform  generation, 
as  well  as  control  the  configurations  on  the 
radio  system. 

6)  Transmitter.  Which  accepts  the  data  from  the  MSP, 
performs  modulations,  frequency  conversion, 

and  amplifications  to  appropriate  power  levels. 

An  ideal  MFBARS  system  will  consist  of  as  many  similar  systems  as 
required  to  serve  the  maximum  number  of  functions  to  be  operated 
simultaneously.  Such  an  ideal  system  is,  of  course,  not  achievable  if 
the  schedule  of  having  an  advanced  development  model  (ADM)  by  1985  is 
to  be  met. 

The  baseline  system  detailed  in  Section  2.2  features  a  varying 
degree  of  success,  as  expected,  in  achieving  the  six  standard  modules. 
The  most  notable  area  of  success  is  the  microsignal  processor,  which  can 
be  configured  into  one  standard  module.  The  MSP  is  capable  of  being 
programmed  to  handle  the  necessary  processing  for  all  required  CNI 
functions.  The  standardization  of  the  frequency  dehopping  module  is 


slightly  less  successful.  However,  it  does  represent  a  significant 
advancement  in  the  state-of-the-art.  Phase  II  results  indicate  that  it  is 
possible  to  have  only  two  standard  frequency  dehopping  modules  to  cover 
the  entire  MFBARS  frequency  spectrum,  one  for  the  L-Band  functions  and  the 
other  for  functions  below  UHF.  The  transmitters  also  require  two  designs 
which  cover  the  same  frequency  band  as  the  frequency  dehopping  modules. 

The  results  also  indicate  that  the  antenna  and  adaptive  antenna  processor 
can  be  similarly  standardized,  but  are  less  conclusive.  The  most  notable 
failure  is  in  obtaining  a  standard  design  for  the  PN  correlator.  The  base¬ 
line  design  requires  individually  tailored  PN  correlators  for  each  of  the 
functions.  However,  this  negative  result  is  not  due  to  any  theoretical  or 
obvious  practical  limitation.  It  is  rather  a  problem  of  the  combination  of 
diversity  and  uncertainty  in  requirements  of  these  systems;  i.e.,  JTIDS, 
GPS,  and  SEEK  TALK,  and  the  limited  resources  devoted  to  this  module. 

The  alternate  system  was  developed  during  the  Phase  I  studies  and 
was  also  based  on  the  use  of  digital  and  RF  LSI,  as  well  as  standard 
modular  concepts.  The  two  systems  differ  essentially  in  the  degree  of 
refinement.  The  alternate  approach  described  in  Section  2.3  calls  for 
a  separate  MSP  and  receiver  for  each  of  the  functional  channels.  The 
alternate  approach  also  has  less  equipment  time  sharing. 

2.1  SYSTEM  DESIGN  REQUIREMENTS 

The  requirements  and  baseline  configuration  contained  herein  are 
derived  from  the  following  government-furnished  information. 

1)  Requirements  analysis  for  a  multifunction,  multiband 
airborne  radio  system  (MFBARS),  March  1978  by  ARINC 
Research  Corp. 

2)  Clarification  of  MFBARS  SOW  with  respect  to  technical 
and  economic  consideration  of  the  definition  phase, 

15  May  1978  from  AFAL/AAA. 

3)  Final  Report,  GPS/OTIDS/INS  Integration  Study,  Volume  1, 

April  1978,  by  Draper  Laboratories. 

4)  Correspondence  of  26  July  1978  from  AFAL/AAA. 

5)  Verbal  guidance  received  at  program  review  meetings 
with  AFAL/AAA  on  10  July  and  25,  26  July  1978. 
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The  tactical  aircraft  in  the  current  inventory,  as  well  as  those 
likely  to  be  produced  in  the  forseeable  future  are  all  designed  to  be 
mission  oriented  and,  as  such,  carry  a  variety  of  CNI  equipment  suits. 

For  example,  those  air  support  platforms  such  as  the  A-10  and  F-16A/B 
carry  VHF  radios  to  communicate  with  ground  forces.  Long-range  aircraft 
such  as  the  EF-111A  carry  HF  radios  for  long-haul  communications.  A 
chart  from  the  ARINC  report  shown  in  Table  2-1  indicates  the  large 
variety  of  possible  CNI  configurations  which  could  be  considered. 

For  the  purpose  of  the  current  study,  where  the  intent  is  to  develop 
and  analyze  MFBARS  architectures,  a  single  composite  baseline  has  been 
developed.  Although  the  composite  baseline  dictates  the  requirements 
for  the  MFBARS  effort,  the  personalities  of  the  various  host  platforms 
are  considerations  of  functional  modularity  and  growth  to  accommodate 
future  functions.  The  following  government- furnished  guidance  is  used 
in  developing  the  MFBARS  baseline: 

a)  The  application  of  MFBARS  is  considered  to  be  a  core 
CNI  design  for  new  aircraft. 

b)  The  interface  with  the  core  information  system  onboard 
will  be  through  a  DAIS-compatible  remote  terminal  or 
bus  control  interface  unit. 

c)  Applicable  technology  will  be  that  which  is  presently 
forecast  to  be  available  for  design  into  1985  advanced 
development  model  equipment. 

d)  Capable  of  interfacing  and  utilizing  an  Inertial  Navigation 
System  (INS)  to  improve  MFBARS  system  performance,  which 
includes  antijam  performance. 

The  MFBARS  baseline  capability  encompasses  the  functions  provided 
by  the  equipment  shown  in  Table  2-2.  The  following  functional  capability 
derived  from  the  equipment  listed  is  the  MFBARS  baseline. 

1)  Position  (30)  and  velocity  determination  from  whatever 
beacon  environment  is  available  (Precision:  GPS  X  set) 

a)  Absolute 

b)  Relative 

c)  Downgraded  to  reflect  availability  of  external 
system  (e.g. ,  R  Nav) . 


Table  2-1.  CNI  Functions  and  Types  of  Equipment 


Weight,  space,  volume  allocations  X:  Equipment  set  planned  but  designation  unknown 

No  equipment  planned 


Table  2-2.  MFBARS  Baseline  Capability 
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2)  Automatic  responses  to  external  interrogations  (962-1215  MHz) 

a)  Identification  in  MK  XII  modes  1  through  4  (1090  MHz  T, 

1030  MHz  R) 

b)  A/A  TACAN  interrogation 

c)  RTT  requests 

d)  Technical  acknowledgment  to  all  messages  requiring  pilot 
response. 

3)  Receive  selected  signals  in  accordance  with  appropriate 
format,  modulation  and  protocol  as  follows: 

a)  JTIDS  (IJMS)  in  TDMA  format 

b)  JTIDS  signals  in  DTDMA  format  up  to  maximum 
constraint  of  our  channels  for  (i) 

c)  TACAN  ground  beacon  responses  to  a/c  interrogation 

d)  All  MK  XII  interrogations 

e)  AJ  voice  and  command  transmissions 

4)  Performance  requirements  shall  meet  the  equivalent  rates,  thresh 
o^ds,  error  rates,  etc.,  values  of  the  parent  single  function 
equipment. 

a)  The  performance  shall  be  required  to  be  functionally 
the  same  as  that  achieved  bv  having  independent  JTIDS, 

TACAN,  MK  XII  and  SEEK  TALK  hardware  simultaneously  in 
the  switch-on/active  mode. 

5)  Receive  selected  signals  in  conventional  modes  (signal  bandwidth 
constraint  to  25  kHz)  in  the  2  to  400  MHz  portion  of  the 
spectrum,  as  follows: 

a)  (i)  On  guard  channels,  one  in  each  of  2  to  30,  30  to  88, 
108  to  156,  and  255  to  400  MHz  band  allocations. 


(ii)  On  designated  operating  channels:  two  in  the  225  to 
400  MHz  bandwidth,  one  in  each  of  the  other  bandwidths 


b)  Performance  requirements  for  each  channel,  individually,  are 
those  of  the  individual  terminals  constituting  the  baseline. 
Any  degradations  arising  from  integration  should  not 
significantly  degrade  the  aircraft  mission  performance. 

c)  Simultaneous  voice  outputs  from  at  least  three  selectable 
channel?  is  required,  with  at  least  one  guard  channel 
included.  Selection  may  be  manual  or  may  be  automatically 
selected  from  parameter  ( i . e . ,  signal  presence  detection) 
indicating  channel  activity. 

6)  Transmission  of  required  signals  in  the  JTIDS,  TACAN,  IFF,  and 
AJ  voice  formats  as  required,  and  only  one  at  a  time. 

7)  Transmission  on  one  channel  corresponding  to  the  receive 
capability  in  item  4  above. 

8)  The  ability  to  select,  and/or  preprogram  channel  and  information 
transfer  function  as  required  in  the  systems  identified  in  items 
1  through  4  above. 

9)  The  ability  to  automatically  reprogram  and/or  provide  actions 
for  pilot  reprogramming  of  module  configurations  to  meet  the 
condition  of  the  mission  segment. 

10)  Flexibility  to  add  preprograms  and  to  select  algorithms  to 
provide  functions  of  DABS  and  derivitives,  improved  MK  XII, 
SINCGARS ,  PLRS,  PLSS  one  link,  radar  altimeter,  direction 
finding,  and  relay. 

2.2  BASELINE  SYSTEM  APPROACH 

This  subsection  describes  the  TRW-proposed  baseline  design  for  the 
MFBARS  system.  This  design  is  based  on  utilization  of  standard  modules 
to  reduce  life-cycle  cost  and  provide  maximum  flexibility.  It  also 
depends  heavily  on  the  utilization  of  recent  TRVJ-developed  RF  LSI  as 
well  as  the  more  well -developed  digital  LSI  to  reduce  volume  and  ownership 
cost.  The  block  diagram  of  the  basic  design  is  shown  in  Figure  2-2. 

The  baseline  system  is  basically  implemented  with  an  antenna  system,  an 
L-Band  subsystem,  HF/VHF/UHF  subsystem,  and  a  digital  signal  processing 
system.  The  baseline  MFBARS  consists  of  a  set  of  antennas  covering  the 
entire  frequency  range  of  2.0  to  1575  MHz.  The  antenna  system  can  be 
either  adaptive  or  nonadaptive. 

The  baseline  system  is  targeted  to  have  as  few  standard  modules  as 
possible,  to  utilize  technologies  which  can  be  reasonably  mature,  and 
to  achieve  the  MFBARS  objective  of  having  an  operational  system  in  the 
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late  1980's.  The  TRW  baseline  design  separated  the  RF/IF  subsystem  into 
two  standard  designs,  one  for  L-Band  (960  to  1575.42  MHz)  functions 
(JTIDS ,  GPS,  TACAN,  IFF),  and  another  for  the  HF/VHF/UHF  band 
(2  to  400  MHz)  functions  (SEEK  TALK,  SINCGARS,  UHF  SATCOM  and  HF  radio). 

When  the  adaptive  antenna  system  is  used,  additional  AJ  protection 
can  be  obtained.  A  detail  discussion  on  the  results  for  the  preliminary 
design  study  for  the  adaptive  antenna  is  given  in  Section  4.  Using  the 
nonadaptive  antenna  system,  in  general,  will  be  the  same  as  individual 
antennas  covering  separate  frequency  bands. 

Antennas  are  connected  to  the  transmitters  and  receivers.  For 
transmissions,  the  power  amplifiers  are  connected  through  circulators, 
and  for  receiving  the  antennas  are  connected  through  an  L-Band  antenna 
switch  bank  to  one  of  the  five  identical  L-Band  downconverters  or  the 
HF/VHF/UHF  antenna  switch  banks  to  one  of  the  four  identical  HF/VHF/UHF 
converters.  Each  of  these  converters  has  fast-settling  time  frequency 
synthesizers  to  perform  frequency  dehopping  and  to  convert  the  output  to 
a  fixed  IF  frequency  of  184  MHz  for  the  L-Band  functions  and  70  MHz  for 
the  other  functions.  The  converter  outputs  are  then  connected  into  two 
separate  IF  switch  assemblies,  one  for  L-Band  functions  and  the  other 
for  the  HF/VHF/UHF  functions.  These  IF  switch  assemblies  connect  any  of 
the  converter  outputs  into  any  of  the  dedicated  analog  and  digital 
processors.  Analog  preprocessors  are  required  in  cases  of  wideband 
functions  such  as  those  in  the  L-Band.  The  analog  processors  perform  the 
function  of  PN  despread,  filtering  as  well  as  analog  to  digital  conversion. 
In  some  cases,  dedicated  digital  processors  are  used  to  further  reduce 
the  data  rate  before  inputting  the  received  signal  into  the  matrix  signal 
processor  which  performs  a  multitude  of  signal  processing,  such  as  error 
correction  decoding,  filtering,  demodulation,  bit  synchronization,  as  well 
as  accepting  external  command  inputs  via  DAIS  to  reconfigure  and  control 
the  operation  of  the  MFBARS.  The  results  of  the  detail  design  of  this 
MSP  are  presented  in  Section  6.  The  MSP  also  formulates  and  structures 
the  signal  waveform  as  inputs  to  both  transmitters  for  transmissions. 

The  detail  design  of  some  of  the  more  important  subsystems  is  detailed 
in  this  section,  except  for  the  adaptive  antenna  design  and  the  matrix 


signal  processor  which  are  discussed  in  much  greater  detail  in  Sections  4 
and  6,  respectively. 

2.2.1  L-Band  Front-End 

The  L-Band  antenna  is  used  to  serve  GPS,  JTIDS,  TACAN,  and  IFF. 

Using  nonadaptive  antenna  systems,  an  L-Band  front-end  design  is  shown 
in  Figure  2-3.  The  L-Band  front-end  is  basically  separated  into  two 
subsystems.  One  subsystem  is  for  GPS,  which  uses  the  same  antenna  in  two 
separate  filters  to  cover  the  L-j  and  L2  frequencies  of  1575.42  MHz  and 
1227.6  MHz.  The  filters  narrow  the  total  input  bandwidth  into  the  region 
centered  around  the  carrier  frequencies  and  recombines  L^  and  L^  before 
applying  them  to  the  L-Band  low  noise  amplifier.  A  burnout  protection 
device  is  used  to  protect  the  LNA.  JTIDS,  TACAN,  and  IFF  systems  require 
different  polarization  and  coverage  and  use  separate  antenna  systems. 

These  systems  require  two  antennas,  one  on  top  of  the  aircraft  and  the 
other  on  the  bottom.  The  antenna  selection  is  controlled  by  the  matrix 
signal  processor  based  upon  the  command  received  through  the  DAIS.  As  in 
the  case  of  GPS,  the  LNA  also  proceeds  by  a  burnout  protector.  However, 
unlike  the  GPS  front-end,  a  bandpass  filter  centered  at  1030  MHz  is  also 
included  for  IFF  reception.  This  filter  is  used  to  assure  the  continuous 
reception  of  IFF,  and  assures  that  the  internal  transmission  of  JTIDS  and  TACAN 
will  not  interfere.  For  transmission,  three  sets  of  filters  are  used  to 
shape  the  transmitted  signal  spectrum  of  the  various  functions:  (1)  a 
band  reject  filter  at  1030  and  1090  MHz  is  used  for  TACAN  and  JTIDS, 

(2)  a  bandpass  filter  at  1090  MHz  is  employed  for  IFF  transmissions,  and, 
finally,  (3)  a  bandpass  filter  at  969  MHz  for  narrowband  JTIDS. 

2.2.2  L-Band  Downconverters 

The  baseline  design  utilizes  five  identical  L-Band  downconverters  to 
perform  frequency  dehop  and/or  simply  frequency  downconversion  with  a  fixed 
frequency  source  to  an  IF.  These  downconverters  are  designed  to  be  usable 
for  all  L-Band  functions  by  simply  selecting  the  proper  local  oscillator 
(L0)  inputs.  These  complex  L-Band  converters  are  made  possible  through  the 
extensive  use  of  RF  LSI.  As  shown  in  Figure  2-4,  the  L-Band  downconverters 
basically  consist  of  a  single  RF  LSI  chip  (RF  AMP/DC  chip,  subsection  5.2), 


Figure  2-3.  L-Band  Front  End 


RF  CHANNEL  NO.  2 


1 - 

f 

RF  AMP/OC  CHIP 

— 1 

- 1 

H"  l*- 

—K  MR  SELECT 

H 

FAST  HOP 
FREQ  SYNTH 

1 

_ t _ 

AGC  REF 


RF CHANNEL  NO  S 


— 

M  BfF  U- 

— <  SW  SELECT 

RF  AMP/OC  CHIP 

t  I  FAST  HOP  J 

— <  FREQUENCY  COMMANDS 

■ 

_  T _ 

REFERENCE  FREQUENCY 


Figure  2-4.  L-Band  Downconverters 
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which  performs  the  frequency  mixing;  a  fast  hop  frequency  synthesizer 
(subsection  5.3),  which  is  also  envisioned  to  be  two  RF  LSI  chips; 
and  a  selectable  bandwidth  bandpass  filter  (subsection  5.4).  The  total 
component  counts  and  the  physical  volume  for  a  converter  is  very  small 
and  it  makes  a  very  attractive  standard  unit  for  all  L-Band  functions. 

For  GPS  operations,  the  downconverter  does  not  need  the  frequency 
synthesizer,  and  the  RF  channel  number  1  in  Figure  2-4  shows  the  resulting 
frequency  conversion.  For  receiving  GPS  L ^  frequency,  the  local  oscillator 
of  the  first  mixer  is  dc  and  enables  the  first  mixer  to  operate  as  a  low- 
gain  linear  amplifier.  The  output  frequency  of  the  first  mixer  remains 
240  f  (1227.6  MHz).  The  LO  for  the  second  mixer  is  selected  to  be  204 
f  and  to  produce  an  IF  frequency  of  36  f  (184  MHz).  For  receiving  the 
GPS  Lj  frequency,  the  first  LO  has  to  be  68  f  instead  of  dc  in  order  to 
produce  the  same  IF  frequency. 

For  the  OTIDS  operation  (RF  Channel  Number  3,  Figure  2-4),  the 
frequency  synthesizer  is  used  to  account  for  the  frequency  hopping 
nature  of  the  JTIDS  signal.  The  first  LO  frequency  is  selected  to  be 
36  fQ  plus  70  MHz,  and  the  second  LO  is  derived  from  the  frequency 
synthesizer  whose  possible  output  frequencies  are  70  MHz  higher  than  the 
JTIDS  transmitted  frequencies.  When  the  frequency  synthesizer  is 
hopping  to  the  correct  frequencies  and  in  synchronism  with  the  received 
signal,  the  IF  frequency  will  be  constant  at  36  fQ.  For  TACAN  and 
IFF,  the  L-Band  downconverter  LO  frequencies  are  similarily  connected 
as  in  the  case  of  the  JTIDS,  except  that  the  frequency  synthesizer  will 
be  stationary  at  the  select  frequencies. 

The  number  of  L-Band  downconverters  needed  in  the  MFBARS  depends 
on  the  number  of  simultaneous  functions  required  and  the  acquisition 
requirements  for  the  JTIDS.  Five  L-Band  converters  are  selected  in  the 
baseline  system  to  allow  for  a  dedicated  IFF  channel;  the  remaining 
four  channels  are  to  be  used  for  either:  (1)  JTIDS  acquisition  or 
(2)  JTIDS  tracking,  (3)  GPS  receiving,  and  (4)  TACAN  receiving. 


2.2.3  Analog  Processors 


To  be  consistent  with  the  standard  module  concept,  it  would  be  desir¬ 
able  to  have  a  standard  analog  processor  to  perform  PN  despreading  and 
other  signal  processing  as  in  the  case  of  the  L-Band  downconverter  perform¬ 
ing  the  frequency  dehopping  and  frequency  conversion.  Study  efforts  up  to 
now  have  produced  minimal  success  because  of  the  diversity  of  requirements. 
The  baseline  design  utilizes  dedicated  analog  processors  for  GPS  and  JTIDS, 
and  a  common  analog  processor  for  IFF  and  TACAN.  Figure  2-5  shows  the  GPS 
analog  processor  which  performs  the  PM  despreading.  The  design  is  conven¬ 
tional  and  all  of  the  active  components  are  intended  to  be  implemented  as 
a  single  RF/LSI  chips  (IF  correlator/Demod  Chip,  Subsection  5.2).  This 
design  has  four  correlation  channels.  For  code  acquisitions,  the  four 
channels  are  used  to  perform  four  code-phase  tests  at  a  time.  For  code 
tracking,  these  channels  are  used  to  generate  the  punctual,  early,  and 
late  correlations.  For  JTIDS,  the  PN  despreading  processor  utilizes  paral¬ 
lel  (passive)  correlations.  For  acquisitions,  four  sets  of  32-bit  parallel 
correlations  are  used.  Each  is  associated  with  one  of  four  L-Band  down- 
converters  which  are  tuned  to  cover  four  of  the  eight  possible  frequencies 
in  the  JTIDS  preamble.  Each  of  the  four  correlator  outputs  is  then  properly 
delayed  in  accordance  with  the  expected  frequency  patterns.  After  code 
acquisition,  three  of  the  four  sets  of  the  correlators  are  used  for  tracking 
and  CCSK  code  dc  ection  as  shown  in  Figure  2-6.  In  the  case  of  demodulation, 
the  parallel  correlators  are  operated  on  the  same  IF  input,  but  the  PN  codes 
are  time  phase  different  by  one  chip  to  formulate  the  early,  punctual,  and 
late  channels.  After  PN  wipe-off,  each  of  the  three  resulting  signals  is 
then  quantized  with  A/D  converters  and  loaded  into  the  memory  correlator 
for  the  entire  32  chips  of  CCSK  coded  signal.  Maximum  likelihood  technique 
is  used  to  perform  the  decoding  of  the  CCSK  signal.  The  reference  signal 
set  is  obtained  by  also  A/D  converting  a  CCSK  coded  and  MSK  modulated  sig¬ 
nal.  Consequently,  32  possible  correlation  values  are  obtained  through  32 
cyclic  shifts.  For  a  single  correlator  to  perform  this  function,  it  would 
be  required  to  operate  at  a  speed  32  times  that  of  the  chip  rate,  which  is 
impractical  at  the  present  time.  The  baseline  system  uses  two  set  correla¬ 
tors  for  each  channel.  When  one  is  loading  the  input  signal,  the  other 
correlator  will  perform  the  32  correlations  on  the  previous  pulse,  thus 
requiring  the  correlator  to  operate  only  at  the  chip  rate. 
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Figure  2-5.  GPS  IF  Channel 
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Figure  2-6.  JTIDS  Demodulator 


2.2.4  TACAN  and  IFF  Detector 


The  analog  signal  processing  for  TACAN  and  IFF  is  much  simpler  because 
both  are  not  spread-spectrum  signals.  One  design  can  be  used  for  both 
functions  since  they  are  both  related  to  the  detection  of  three  pulse 
parameters;  i.e.,  time  of  arrival,  pulse  width,  and  pulse  amplitude.  The 
block  diagram  of  the  baseline  design  is  shown  in  Figure  2-7,  which  is  con¬ 
ventional  in  design  and  is  self-explanatory. 

2.2.5  L-Band  Transmitter 

In  maintaining  the  standard  module  design  concept,  the  baseline  system 
employs  a  single  transmitter  to  cover  all  of  the  L-Band  functions  of  JTIDS, 
TACAN  and  IFF.  It  further  uses  a  TRW  concept  developed  under  the  Standard 
Avionic  Module  (SAM)  development  contract  for  generating  transmitting  wave¬ 
forms.  In  this  TRW  concept,  the  signal  waveform  is  decomposed  into  its 
two  quadrature  components.  The  amplitudes  of  the  components  are  linearly 
modulated  by  an  appropriate  waveform  to  achieve  any  desired  modulated  signal 
such  as  AM,  PM,  FM,  PSK  and  MSK.  The  waveform  generation  for  the  L-Band 
functions,  JTIDS,  TACAN,  and  IFF  is  controlled  and  formulated  by  the  MSP. 

The  output  of  the  MSP  is  then  further  processed  and  converted  to  analog 
signal  as  modulation  input  to  the  Quadrature  Linear  Amplitude  Modulator, 
which  is  expected  to  be  a  single  RF  LSI  chip  (Subsection  5.2). 

The  carrier  of  the  modulator  is  70  MHz,  which  is  selected  as  the 
standard  carrier  frequency  for  both  the  L-Band  modulator  and  the  HF/VHF/UHF 
modulator.  In  order  to  use  the  same  frequency  synthesizer  design  as  that 
for  the  receiver,  the  output  of  the  modulator  is  further  upconverted  to 
36  f  +  70  MHz  as  shown  in  Figure  2-8.  The  final  power  amplifier  is  expec¬ 
ted  to  be  an  electron  bombardment  semiconductor  (EBS).  A  detailed  discus¬ 
sion  of  the  power  amplifier  is  given  in  subsection  5.1. 

In  the  case  of  JTIDS,  the  L-Band  modulator  is  also  used  to  generate  the 
reference  signal  for  the  correlator  to  perform  the  maximum  likelihood 
decoding  of  the  CCSK  signal.  The  reference  signal  is  generated  in  a  manner 
similar  to  the  transmitting  waveforms  except  that  in  each  pulse  time  all 
32  cyclic  code  states  have  to  be  generated  and  the  carrier  frequency  has  to 
be  36  f  as  shown  in  Figure  2-8.  The  carrier  frequency  conversion  is 
achieved  by  means  of  a  single  mixer  which  has  an  L0  at  70  MHz. 
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The  conventional  antenna  complement  needed  to  cover  the  HF/VHF/UHF 
band  is  shown  in  Figure  2-9.  Basically,  one  antenna  each-  to  cover  the  HF 
(2  to  30  MHz)  and  VHF  (30  to  156  MHz)  bands  and  two  antennas  (one  on  top 
and  the  other  on  the  bottom)  to  cover  the  UHF  band  (225  to  400  MHz).  The 
basic  design  is  conventional;  transmit/receiver  switches,  preselector,  and 
burnout  protection  devices  are  used.  For  receiving,  all  four  antennas  are 
connected  to  the  antenna  switch  assembly,  which  allows  each  antenna  output 
to  be  connected  to  one  or  more  (up  to  all  four)  of  the  standard  RF  LSI 
HF/VHF/UHF  receiver  modules  to  receive  the  programmed  functions. 

2.2.7  RF  LSI  HF/VHF/UHF  Receiver  Modules 

This  receiver  module  is  designed  to  accommodate  the  entire  HF/VHF/L'4F 
band  (2  to  400  MHz).  It  converts,  through  one  or  two  stages,  the  received 
signal  to  an  IF  of  70  MHz.  Frequency  dehopping  is  also  performed  in  this 
module.  It  is  essentially  the  heart  of  the  HF/VHF/UHF  portion  of  the 
MFBARS  receiver  terminal. 

As  shown  in  Figure  2-10,  the  receiver  modules  are  designed  around  the 
RF  LSI  converter/amplifier  chip  (detailed  discussion  given  in  subsections 
5.2  and  9.1).  The  LSI  chip  has  three  stages  of  mixers  and  two  stages  of 
AGC  amplifiers  to  provide  frequency  conversions  and  signal  amplification. 
The  unit  also  determines  the  noise  figure  of  the  receiver.  The  other 
important  components  in  the  receiver  modules  are:  (1)  the  standard  UHF 
frequency  synthesizer  which  is  also  expected  to  be  implemented  in  two  RF 
LSI  chips  (subsection  5.3),  (2)  a  divide-by-5  circuit,  (3)  225  MHz  high- 
pass  frequency  filter,  and  (4)  a  70  MHz  IF  bandpass  filter.  This  module 
is  indeed  simpler.  However,  its  usefulness  is  extremely  broad  and  is 
illustrated  in  the  remainder  of  this  section  by  detailing  how  the  receiver 
will  operate  in  each  of  the  three  frequency  bands,  HF,  VHF,  and  UHF. 

For  the  HF  frequency  band,  2  to  30  MHz,  the  first  mixer  stage  is  used 
as  an  amplifier  only.  The  first  LO  is  selected  at  a  dc  level,  and  no  IF 
filtering  is  used.  The  second  mixer  stage  will  upconvert  the  HF  input 
into  70  MHz  by  means  of  applying  a  second  LO  signal  whose  frequency  ranged 
from  72  to  100  MHz.  This  LO  signal  is  derived  by  frequency  divide-by-5, 
the  output  of  the  standard  UHF  frequency  synthesizer  which  covers  more  than 
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Figure  2-9.  HF/VHF/UHF  RF  Front  End 


the  required  frequency  range  of  360  to  500  MHz.  Consequently,  it  can  also 
perform  frequency  dehopping.  After  bandpass  filtering  and  amplification, 
the  70  MHz  is  then  resolved  into  two  quadrature  components  by  mixing  the 
third  mixer  stage  with  two  70  MHz  references  which  are  in  phase  quadrature. 
Since  the  communications  functions  in  the  HF  region  are  basically  narrow 
band,  these  quadrature  outputs  are  then  digitized  and  sent  to  the  micro¬ 
signal  processor  for  demodulation  and  processing. 

In  the  case  of  the  VHF  band  (30  to  150  MHz),  the  operation  is  similar 
to  the  HF  band  except  that  the  first  mixer  stage  is  used  to  upconvert  the 
signal  into  'JHF  band.  The  upconversion  is  achieved  by  selecting  the  first 
10  frequency  at  195  MHz.  Thus,  the  output  signal  of  first  stage  mixer  will 
be  from  225  to  375  MHz.  The  second  stage  mixer  then  uses  the  standard  UHF 
frequency  synthesizer  to  frequency  dehop  or  tune  the  receiver  to  a  70  MHz 
second  IF,  as  in  the  case  of  the  HF  band. 

The  last  case  is  the  UHF  band  (225  to  400  MHz).  As  in  the  case  for 
receiving,  the  HF  band  signal,  the  first  mixer  stage  is  again  bypassed. 

In  the  second  mixer  stage,  the  standard  UHF  frequency  synthesizer  is 
used  directly  as  the  L0  and  performs  frequency  tuning  and  dehopping,  as  in 
the  case  of  UHF  SATC0M. 

For  narrow  band  IF  signals  such  as  the  frequency  dehopped  UHF  SATC0M, 
the  signal  can  be  demodulated  and  detected  by  the  microsignal  processor  as 
in  previous  cases.  However,  in  the  UHF  band,  wideband  PN  spread-spectrum 
signals,  such  as  SEEK  TALK,  cannot  be  processed  directly  by  the  micro¬ 
signal  processor.  The  receiver  module  provides  a  wideband  70  MHz  IF  output 
so  that  a  wideband  analog  processor  can  be  added  to  perform  PN  despreading. 

In  the  baseline  system,  four  HF/VHF/UHF  receiver  modules  are  provided 
to  give  the  capability  of  receiving  four  signals  simultaneously.  These 
capabilities  can  be  expanded  and  reduced  with  the  MFBARS  requirements. 

2.2.8  HF/VHF/UHF  Transmitter 

The  baseline  design  of  the  HF/VHF/UHF  transmitter  follows  the  same 
system  design  approach  as  the  L-Band  transmitter.  As  shown  in  Figure  2-11, 
the  identical  technique  of  using  the  microsignal  processor  to  formulate  the 
in-phase  and  quadrature  channel  inputs  to  the  quadrature  linear  amplitude 


-43- 


HF/VHF/UHF  Transmitter 


modulator  is  employed  to  generate  the  modulation  waveform  for  transmissions. 
Furthermore,  a  single  power  amplifier  (Subsection  5.1)  is  to  be  used  to 
cover  the  entire  frequency  band.  The  basic  UHF  frequency  synthesizer  is 
used  as  the  source  for  the  LO  to  convert  the  70  MHz  modulator  output  into 
the  proper  frequency  for  transmission  as  shown  in  Figure  2-11. 

2.3  ALTERNATE  SYSTEM 

This  subsection  describes  the  alternate  system  design  formulated  in 
Phase  I  of  this  study.  The  general  organization  of  the  alternate  system  is 
shown  in  Figure  2-12.  Key  features  of  this  organization  are  listed  below. 

•  Separate  receiver  front-ends  are  dedicated  to  each  of  the 
required  baseline  functions. 

Guard  channels  (one  in  each  band): 

2  to  30  MHz 
30  to  88  MHz 
108  to  156  MHz 
225  to  400  MHz 

Designated  operating  channels: 

2  to  30 

30  to  88  one  per  channel 
108  to  156 

225  to  400  two  in  band 

•  Receiver  front-ends  are  dedicated  to  each  of  the  baseline 
channels;  they  are  not  time-shared. 

•  Three  separate  transmitter  power  amplifiers  are  provided. 

HF  (2  to  30  MHz) 

VHF/UHF  (30  to  400  MHz) 

L-Band  (960  to  1215  MHz) 

•  The  L-Band  transmitter  is  time  shared  for: 


JTIDS 

TACAN 


ANTENNA  TX 


Figure  2-12. 


General  Organization  of  Receivers  and  Transmitters 
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•  The  requirement  is  fulfilled  for  transmission  on  at  least  one 
channel  corresponding  to  receiver  band  capability  of: 

2  to  30  MHz 
30  to  88  MHz 
100  to  156  MHz 
225  to  400  MHz 

•  Transmitter  exciters  (signal  sources,  modulators,  upconverters , 
and  frequency  synthesizers)  are,  like  the  receivers,  realized 
with  RF  LSI  technology. 

•  Antenna  subsystems  are  partitioned  recording  to  existing  practice 
as  follows: 

HF 

VHF 

UHF 

L-Band 

GPS 

•  Interconnection  and  cross-connection  between  transmitters, 
receivers,  and  antennas  is  by  antenna  interface  units  containing 
diplexers,  switches,  filters,  and  T/R  devices. 

The  premise  leading  to  the  architectures  described  above  is  that  with 
RF  LSI  technology,  the  parallel  system  with  dedicated  functions  can  be 
realized  at  a  reasonable  cost.  The  effect  of  comparatively  high  develop¬ 
ment  cost  of  RF  LSI  functional  chips  can  be  minimized  by  the  multiple  use 
of  a  single  chip  design.  A  key  to  this  approach  is  to  design  these  circuit 
chips  with  very  wide  bandwidths,  and  then  connect  band-determining  functions 
(such  as  crystal  IF  filters,  etc.)  outside  the  package. 

2.3.1  Receivers 

The  baseline  architecture  employs  the  following  types  of  receiver 
modul es : 

HF  Band  (2  to  30  MHz)  HF  voice 

HF  guard 

VHF/FM  (30  to  88  MHz)  VHF/ FM  voice 

VHF/AM  guard 

VHF/ILS  marker  beacon  receiver 
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VHF/AM  voice 
VHF/AM  guard 

VHF/ILS  localizer  receiver 

UHF/AM/AJ  (SEEK  TALK  -  2  channels) 
UHF/AM  guard 

UHF/ILS  glide  slope  receiver 

JTIDS/TACAN  (8  channels) 

IFF  transponder  receiver 
IFF  interrogator  receiver 
GPS  (5  channels) 

Table  2-2  summarizes  the  electrical  characteristics  of  the  receivers, 
including  references  to  existing  avionics  nomenclature. 

The  general  format  for  all  receivers  is  shown  in  Figure  2-13.  The 
incoming  RF  signal  passes  through  the  antenna  control  unit  to  the  receiver 
LRU.  The  signals  are  routed  to  an  RF  module  containing  three  sections,  an 
RF  chip,  a  frequency  synthesizer,  and  a  decoder. 

The  RF  chip  contains  a  low  noise  amplifier,  which  sets  the  noise  fig¬ 
ure,  and  a  mixer  downconverter  to  the  first  IF  frequency.  Because  bandpass 
filters  are  not  easily  constructed  on  the  RF  LSI  chip,  the  signal  is  routed 
to  the  first  IF  bandpass  filter  located  outside  (adjacent  to)  the  RF  LSI 
package.  The  signal  is  routed  back  into  the  RF  LSI  chip  where  it  is  down- 
converted  to  the  second  IF  frequency  in  the  mixer  downconverter. 

As  before,  the  second  IF  frequency  is  filtered  in  an  outboard  bandpass 
filter;  in  some  instances,  it  is  necessary  to  provide  two  bandpass  filters 
with  diode  switches  to  allow  selection  by  command.  After  filtering,  the  IF 
signal  is  routed  back  to  the  RF  LSI  chip  for  further  amplification  and 
demodulat  on. 

Demodulation  can  be  accomplished  using  a  Costas  loop  demodulator 
located  in  the  RF  LSI  chip;  Figure  2-14  shows  Costas  loop  demodulator  chips 
built  at  TRW.  Note  that  because  of  the  size  of  the  discrete  components, 
the  loop  filter  is  located  outboard  of  the  RF  LSI  chip. 


VHF/AM  (119  to  124  MHz) 


UHF  (200  to  400  MHz) 


L-Band  (960  to  1575  MHz) 
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Figure  2-13.  Generalized  Block  Diagram  for  RF  LSI  Receiver 


As  shown  in  Figure  2-13,  the  strength  of  the  RF  signal  can  be  control¬ 
led  by  the  use  of  automatic  gain  control  (A6C)  loops  which  adjust  the 
amplifier  gain. 

Bias  current  is  supplied  by  dc  amplifiers  located  on  the  RF  LSI  chip; 
the  signal  strength  detector  is  located  in  the  demodulator  portion  of  the 
circuit. 

Bandpass  filters  in  the  100  to  1000  MHz  range  can  be  realized  using 
surface  acoustic  wave  (SAW)  substrates. 

Figure  2-15  shows  the  RF  LSI  version  of  the  HF  voice  communications 
receiver  module,  based  on  the  functional  diagram  for  the  existing  AN/ARC-1 12; 
an  identical  RF  module  is  used  for  the  HF  voice  guard  channel. 

A  block  diagram  for  the  VHF/FM  voice  channel  is  shown  in  Figure  2-16; 
the  existing  AN/ARC-131  is  the  basis  for  this  configuration.  The  VHF/AM 
and  UHF  receivers  are  similar  in  layout  and  will  also  be  realized  in  the 
1/2  ATR  card-size  module  (one  module  for  each  channel). 

The  L-Band  JTIDS/TACAN/I FF  receivers  are  shown  in  Figure  2-17.  The 
received  signal  passes  from  the  receiver  antenna  and  antenna  interface  unit 
(Figure  2-18)  to  the  L-Band  receiver.  Here,  the  signal  is  filtered  and 
power-split  to  feed  each  of  the  eight  JTIDS  channels,  the  IFF  interrogator 
receiver,  and  the  IFF  transponder  receiver.  Each  of  these  receiver  channels, 
including  the  associated  frequency  synthesizer,  is  packaged  in  separate  RF 
modules  the  size  of  a  standard  1/2  ATR  card.  It  should  be  noted  that  the 
JTIDS  channels  require  a  sophisticated,  fast-hopping  L0  source;  neverthe¬ 
less,  the  use  of  RF  LSI  and  SAW  filter  technology  allows  the  required  mini¬ 
aturization. 

A  block  diagram  of  the  GPS  receiver  is  shown  in  Figure  2-19.  An  RF 
LSI  version  of  this  receiver  is  presently  under  development  under  a  con¬ 
tract  for  N0SC.  Work  is  now  focused  on  the  RF  chip  containing  the  RF  ampli¬ 
fier,  downconverter,  and  Costas  demodulator.  Objectives  of  this  development 
include  reduced  size,  weight,  volume,  power,  and  production  costs.  Each 
of  the  five  receiver  channels  (including  L0  source)  will  be  packaged  in  a 
module  the  size  of  a  standard  1/2  ATR  card.  In  the  normal  mode  the  four 
receiver  channels  track  four  satellites  simultaneously  on  frequency  L^ ; 
the  fifth  channel  is  provided  for  simultaneous  L^  measurement  or  fifth 
satellite  backup. 
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-Band  Receiver 


gure  2-18.  UHF/L-Band  Antenna  Interface  Unit 


2.3.2  Transmitters 


As  described  above,  the  baseline  architecture  shows  the  HF,  VHF,  UHF 
and  l-Band  transmitters  combined  into  three  units: 

HF  (2  to  30  MHz) 

UHF  {30  to  400  MHz) 

L-Band  (960  to  1215  MHz) 

Table  2-3  describes  the  functions  of  the  transmitter,  relating  them 
to  the  service  functions.  The  consolidation  of  the  VHF/AM,  VHF/FM  and 
UHF  transmitters  into  a  single  30  to  400  MHz  unit  is  the  result  of  fore¬ 
casted  improvements  in  broadband  power  transistor  technology.  The  use  of 
emerging  electron  bombarded  semiconductor  (EBS)  amplifier  technology  is 
applied  to  the  L-Band  transmitter  for  the  JTIDS/TACAN/IFF  functions. 

Figure  2-20  gives  a  generalized  block  diagram  for  one  of  the  baseline 
transmitters  and  shows  the  exciter/LO  source,  power  amplifier,  power  supply, 
antenna  interface  unit,  and  antenna.  The  same  RF  LSI  technology  referred 
to  in  the  receivers  is  applicable  to  the  exciter/LO  source/modulation 
function. 

The  antenna  interface  unit  contains  bandpass  filters,  diplexers,  T/R 
switches,  and  impedance  matching  networks. 

Figure  2-21  shows  the  HF  transmitter  functional  block  diagram  based  on 
the  present  AN/ARC-112.  The  exciter,  frequency  synthesizer,  decoder,  modu¬ 
lator,  and  up converter  are  realized  in  RF  LSI  technology.  The  various  band¬ 
pass  filters  are  quartz  and  discrete  component  types.  All  of  these  functions 
are  contained  in  a  single  1/2  ATR  card-size  module. 

The  VHF/UHF  transmitter  covers  the  30  to  400  MHz  frequency  range  and 
is  similar  in  configuration  to  the  HF  transmitter  described  above. 

The  block  diagram  for  the  L-Band  transmitter  is  given  in  Figure  2-22. 

The  modulator,  frequency  synthesizer,  upconverter,  and  modulator  functions 
are  realized  in  two  modules,  each  the  size  of  a  standard  1/2  ATR  card.  As 
in  the  baseline  system,  an  EBS  power  amplifier  is  also  used. 
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Figure  2-21.  RF  LSI  Exciter  for  HF  Transmitter 


3.  EQUIPMENT  PARTITIONING 


To  fully  utilize  the  standard  module  concepts  and  to  assess  the 
approximate  size  of  the  MFBARS  terminal,  the  baseline  system  was  parti¬ 
tioned  into  LRU  and  slices.  The  results  are  presented  in  this  section  and 
indicate  that  the  electronics,  exclusive  of  the  antenna,  can  be  packaged 
into  one  full  ATR  and  two  half  ATR  housings  (Figure  3-1).  The  two  one-half 
ATR  house  the  L-Band  transmitter  and  HF/VHF/UHF  transmitter.  The  remainder 
of  the  ICNIA  terminal  is  housed  in  the  full  ATR  and  includes  all  RF/IF 
circuits  for  the  receivers  as  well  as  the  microsignal  processors.  The 
partition  studies  show  that  the  total  MFBARS  can  be  separated  into  21 
modules/slices  as  tabulated  in  Table  3-1,  which  indicates  that  14  modules 
are  required  for  the  ICNIA  terminal,  4  modules  for  the  L-Band  transmitter, 
and  3  modules  for  the  HF/VHF/UHF  transmitter.  The  circuits  and  components 
included  in  each  module  are  summarized  in  this  section. 

Except  for  the  specialized  modules,  modules  are  housed  in  either  RF 
slices  of  4  x  6  x  1  inches  or  in  4  x  6  x  1/2  inch  digital  circuit  cards. 

A  brief  description  of  each  module  is  given  in  the  following  paragraphs. 

3.1  ICNIA  TERMINAL 

1)  L-Band  Receiver  RF  Switch.  This  module  will  have  a  unique  design 
and  will  contain  all  of  the  preselectors,  L-Band  preamplifiers 
related  to  the  L-Band  receiving  functions,  and  an  RF  switch  which 
will  enable  the  terminal  to  connect  any  one  antenna  to  one  or 
more  L-Band  frequency  dehopping  modules.  These  modules  basically 
relate  the  functions  shown  in  the  block  diagram  in  Figure  2-3, 
L-Band  front  end. 

2)  L-Band  Frequency  Dehopping  Converter.  Five  modules  are  used  in 
the  ICNIA  terminal.  They  contain  all  of  the  components  in  the 
L-Band  frequency  dehopping  converter  as  shown  in  Figure  2-4. 

3)  L-Band  IF  Switch.  This  module,  packaged  in  standard  slices, 
houses  a  switching  matrix  interconnecting  the  five  L-Band  fre¬ 
quency  dehopping  downconverters  with  various  IF  processors. 

4)  GPS  Demodulator.  This  module  houses  the  complete  GPS  demodulator, 
including  PN  code  generation.  The  RF  functional  block  diagram  is 
shown  in  Figure  2-5. 

5)  JTIDS  Demodulator.  This  module  houses  the  JTIDS  demodulator.  Its 
functional  block  diagram  is  shown  in  Figure  2-6. 
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Table  3-1.  MFBARS/INCIA  Slices/Components 


10)  HF/VHF/UHF  IF  Switch.  This  module  contains  a  switch  matrix  which 
interconnects  the  four  HF/VHF/UHF  receiver  modules  to  the  digital 
preprocessors  or  to  the  SEEK  TALK  demodulator. 

11)  SEEK  TALK  Demodulator.  The  SEEK  TALK  demodulator  has  not  yet  been 
defined.  It  is  assumed  that  it  is  similar  to  the  JTIDS  demodulator 
in  complexity  and,  thus,  can  be  housed  in  one  standard  module. 

12)  IF  Frequency  Source.  This  module  houses  all  of  the  required  local 
oscillator  frequency  sources  not  contained  in  the  reference  fre¬ 
quency  source  module. 

13)  Preprocessor.  This  is  a  digital  module  composed  of  four  standard 
digital  circuit  cards.  It  contains  the  A/D  converters  and  delicate 
digital  circuits  which  perform  high-speed  processing.  This  module 
acts  as  an  interface  between  the  IF  subsystems  and  the  microsignal 
processor. 

14)  Microsignal  Processor.  This  module  contains  12  digital  circuit 
cards  for  a  2  x  2  matrix  signal  processor.  They  are  described  in 
Section  6  of  this  report. 

3.2  L-BAND  TRANSMITTER  (FIGURE  2-8) 

1)  Modulator  for  L-Band.  This  module  contains  the  components  which 
perform  the  modulation  and  frequency  conversion  shown  in  Figure 
2-8. 

2)  L-Band  Transmitter  Driver.  The  L-Band  transmitter  driver  contains 
a  frequency  synthesizer  to  perform  frequency  hopping  and  turning 
for  transmission  as  well  as  an  amplifier  to  boost  the  signal  to  a 
level  high  enough  to  drive  the  power  amplifier. 

3)  L-Band  Power  Amplifier.  This  is  a  specially  designed  module 
which  houses  the  1KW  EBS  amplifier  and  its  associated  power 
suppl ies. 

4)  L-Band  Transmit  Antenna  Interface  Unit.  This  is  also  housed  in 
a  specialized  slice  and  contains  the  bandpass  filter  and  antenna 
select  switches. 

3.3  HF/VHF/UHF  TRANSMITTER  (FIGURE  2-11) 

1)  HF/VHF/UHF  Modulator/Exciter.  This  module  contains  the  RF  com¬ 
ponents  which  perform  the  functions  of  modulation,  frequency 
hopping  and  conversion,  and  amplification  for  the  HF/VHF/UHF 
transmitter. 

2)  HF/VHF/UHF  Power  Amplifier.  This  module  has  to  depart  from  the 
standard  slice  housing  in  order  to  accommodate  the  heat  dissipa¬ 
tion  requirements  of  the  HF/VHF/UHF  power  amplifier.  The  power 
supply  for  the  power  amplifier  is  also  contained  in  this  module. 
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3)  HF/VHF/UHF  Antenna  Interface  Unit.  This  module  contains  all  band- 
pass  filters  and  switches  which  connect  the  transmitter  to  any  of 
the  HF/VHF/UHF  antennas. 

Table  3-1  also  shows  the  flexibility  of  the  partitioning.  The  modules 
and  the  number  of  modules  required  can  be  tailored  to  individual  user 
requirements.  Module  requirements  can  range  from  a  full  complement  of 
modules  for  a  completed  MFBAR  terminal  to  8-module  complements  for  the  VHF 
radio. 

Mechanically,  the  MFBARS  terminal  design  is  conceptualized  as  shown 
in  Figures  3-2,  3-3,  and  3-4.  The  mechanical  design  has  three  options, 
depending  on  the  availability  of  cooling.  Options  A  and  B  assume  that  the 
aircraft  supplies  forced  air  for  cooling;  these  options  include  conduction 
and  forced  convection  heat  transfer.  Heat  from  the  components  will  be 
dissipated  through  metallic  paths  to  the  inner  walls  of  the  parallel  heat 
exchangers.  Each  slice  and  PWB  has  two  wedge  lock  devices  which  lock  into 
channels  on  the  inner  side  walls.  This  ensures  a  maximum  contact  between 
the  unit  thermal  paths  and  the  heat  sink  surfaces.  Forced  air  cooling 
through  the  heat  exchangers  removes  the  heat  load  from  the  ATR  box. 


I -BAND  SLICES  (14) 


Figure  3-2.  ICNIA  Terminal 
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Figure  3-4.  HF/VHF/UHF  Transmitter 
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The  thermal  design  objective  is  to  ensure  that  the  temperatures  of  the 
electronic  components  are  maintained  at  satisfactory  levels  for  electrical 
performance  and  long-term  reliability  when  exposed  to  combined  extremes  of 
ambient  temperatures  and  power.  To  meet  this  objective,  the  proposed  design 
will  include  the  following: 

•  High  power  dissipating  components  are  mounted  with  efficient 
thermal  conduction  paths,  of  minimum  length,  to  their  respective 
mounting  surfaces. 

•  The  number  of  structural  interfaces  between  parts  and  the  ulti¬ 
mate  heat  sink  are  minimized  in  order  to  reduce  overall  thermal 
resistance. 

•  Interfacial  conductances  shall  be  enhanced  by  using  interfacial 
filter  materials  as  required. 

•  Temperature  sensitive  components  are  located  away  from  higher 
power  dissipating  components  to  minimize  thermal  conduction  and 
radiation  from  high  powered  parts. 

The  wedge  lock  devices  also  provide  maximum  resistance  to  shock  and 
vibration. 

Option  C  is  intended  for  use  when  no  aircraft  forced  air  cooling  is  avail¬ 
able.  Option  D  (not  shown)  transfers  heat  from  dissipating  components  by 
conduction  to  the  chassis  side  walls,  and  then  by  natural  convection  at  the 
side  wall  fins.  In  this  case,  a  blower  is  provided  as  shown.  The  ICNIA 
terminal  is  housed  in  a  full  ATR  box  and  consists  of  21  RF  standard  slices 
and  16  digital  printed  wiring  boards.  The  design  of  the  2  transmitters  is 
expected  to  be  similar,  and  consists  of  3  standard  RF  slices  and  their  power 
amplifier  and  associated  power  supplies. 

EMI/EMC 

Electromagnetic  shielding  is  provided  at  each  ATR  box  removable  inter¬ 
face  in  the  form  of  EMI /environmental  gasketing.  To  accommodate  the  re¬ 
quired  attenuation  at  the  specified  frequencies,  careful  attention  will  be 
paid  to  the  selection  of  shielding  gaskets,  grooves,  and  the  spacing  of 
attachment  screws.  The  aim  of  shielding  is  to  ensure  ATR  compliance  to 
the  requirements  of  MI L- STD-46 1  and  MIL-STD-462.  It  is  intended  to  provide 
reasonable  assurance  of  subsequent  compatible  integration  and  operation 
aboard  the  flying  system. 
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Structural  Design 

To  ensure  major  resonant  responses  above  the  frequency  range  of  the 
maximum  input,  the  ATR  chassis  design  has  been  configured  to  present  a 
reasonably  rigid  housing  for  the  slices  and  PWBs.  Stresses  will  be  main¬ 
tained  below  endurance  vibration  test  limits  to  provide  assurance  that  no 
problems  will  occur. 


4.  ADAPTIVE  ANTENNA  DESIGN 


This  section  describes  an  adaptive  processor  design  suitable  for 
incorporation  into  the  MFBARS  system.  The  principal  task  was  to  provide 
a  design  for  a  high-performance,  cost  effective,  integrated  adaptive  array 
processor.  Important  constraints  observed  were  that  the  processor  accom¬ 
modate  multifunctional,  multiband  radio  services,  and  that  it  be  compati¬ 
ble  with  the  basic  radio  design  philosophy.  Required  performance  was 
established  on  the  basis  of  independent  studies  performed  at  Harris  on 
the  GPS  and  JT IDS  systems,  plus  other  studies  directly  relevant  to  the 
SEEK  TALK  problem  and  SINCGARS  application.  Major  efforts  were  directed 
toward  reducing  the  overall  costs  while  retaining  required  performance. 
Significantly,  cost  reduction  implies  size,  weight,  power,  and  complexity 
reduction  as  well.  It  is  believed  that  the  hybrid  analog-digital  approach 
described  herein  represents  the  best  overall  choice  consistent  with  these 
constraints. 

Antenna  array  design  topics  first  receive  consideration  in  subsection 
4.1.  This  subsection  is  comprised  of:  design  factors,  grating  conditions, 
and  design  solutions.  Topics  include  signal  coverage  requirements,  threat 
reduction  requirements,  platform  properties,  multiple  service  elements, 
grating  lobe  and  grating  null  considerations,  and  a  presentation  of  an 
effective  compromise  array  design  for  the  MFBARS  problem. 

Subsection  4.2  is  devoted  to  algorithm  considerations.  Potential 
realizations,  an  important  topic,  is  treated  in  paragraph  4.2.5  where 
analog,  digital  and  analog/digital  hybrid  configurations  are  compared. 
Leading  algorithm  candidates  are  presented  in  paragraph  4.2.6;  paragraph 
4.2.7  summarizes  major  digital  processor  performance  requirements. 

Configuration  of  the  adaptive  processor  and  radio  components  are 
discussed  in  paragraph  4.3.  The  selected  arrangement  and  reasons  for 
this  arrangement  are  first  given  in  paragraph  4.3.1.  Paragraph  4.3.2  is 
a  brief  discussion  of  the  required  interfaces  between  the  adaptive  pro¬ 
cessor  and  other  components,  such  as  the  antenna  array  and  the  MFBARS 
radio. 


Conclusions  and  recommendations  for  the  antenna  array  are  given  in 
subsection  4.4.  Paragraph  4.4.1  is  a  review  of  the  need  for  multiple  use 
arrays,  the  hybrid  digi tal -anal og  type  adaptive  processor,  and  separate 
adaptive  processor  radio  designs.  Paragraph  4.4.2  is  devoted  to  a  summary 
of  additional  development  required  if  the  approach  described  herein  is 
to  become  an  effective  one.  Specifically,  identified  needs  are  a  wideband 
JTIDS/GPS  element,  a  low-loss  RF  weight  design,  technology  for  developing 
antenna  array  placement,  and  a  detailed  determination  of  required  inter¬ 
faces. 

4.1  ANTENNA  ARRAY  DESIGN 

Topics  discussed  in  this  subsection  include  array  design  factors, 
grating  null  limitations,  and  design  solutions  for  the  MFBARS  problem. 
Figures  showing  suggested  antenna  locations  are  provided,  as  well  as 
discussion  of  a  possible  broadband  element  design. 

4.1.1  Design  Factors 

Those  design  factors  given  consideration  herein  are  signal  coverage 
requirements,  threat  reduction  requirements ,  platform  properties,  and 
multiple  service  elements. 

4. 1.1.1  Signal  Coverage  Requirements 

It  is  desirable  that  each  antenna  element  in  the  array  for  a  specific 
MFBARS  function  be  capable  of  providing  a  useful  degree  of  desired  signal 
gain.  Furthermore,  it  is  necessary  that,  under  the  condition  of  inter¬ 
ference  being  present,  the  weighted  combination  of  antenna  element  inputs 
provide  a  minimum  acceptable  desired  signal  gain.  In  the  case  of 
GPS,  due  to  the  fact  that  very  weak  signals  are  being  received,  absolute 
gain  is  very  important.  Alternatively,  in  the  case  of  SEEK  TALK  or,  to  a 
lesser  extent  JTIDS,  signal  path  margins  are  better  and  some  gain  compro¬ 
mise  may  be  acceptable. 

Polarization  requirements  must  also  be  satisfied,  but,  because  of 
the  diversity  of  requirements  in  a  given  band,  a  common  element  may  not 
provide  satisfactory  performance  (GPS  requires  circular  polarization  while 
JTIDS  requires  linear-vertical). 


Both  the  antenna  element  and  the  array  as  a  whole  must  be  capable 
of  meeting  minimum  bandwidth  requirements  for  the  wideband  signals 
expected  in  the  L-Band.  The  JTIDS  requires  a  wider  bandwidth  than  GPS 
since  any  of  a  multitude  of  narrowband  slots  may  be  used  for  transmission 
and  reception.  Although  GPS  has  a  wider  instantaneous  bandwidth  than  any 
given  JTIDS  transmission,  total  bandwidth  requirements  are  substantially 
less  than  for  JTIDS.  However,  the  fact  that  GPS  must  operate  on  widely 
separated  frequencies  and  L ^  means  that  either  a  GPS  element  must  be 
substantially  broadband  or  be  tuned  at  the  two  frequencies. 

4. 1.1.2  Threat  Reduction  Requirements 

In  addition  to  providing  desired  signal  gain,  a  suitable  antenna 
array  must  also  be  capable  of  the  desired  degree  of  threat  reduction. 

From  a  fundamental  point  of  view,  enough  antenna  elements  must  be  provided 
to  ensure  ones  ability  to  cancel  the  several  interfering  sources.  However, 
from  a  practical  point  of  view,  it  is  desirable  to  have  many  additional 
elements  sc  as  to  allow  some  degrees  of  freedom  for  treatment  of  the 
desired  signal  and  for  accommodation  of  array  and  circuit  dispersion 
effects. 

In  the  case  of  VHF  and  UHF  desired  signals  such  as  SINCGARS  and 
SEEK  TALK,  the  number  of  antenna  elements  will  be  less  determined  by  the 
potential  threat  than  by  the  number  of  antenna  elements  than  can  be 
physically  placed  upon  the  platform. 

Relative  location  of  the  antenna  elements  is  also  very  important  in 
threat  reduction  in  that  array  resolution  as  well  as  grating  conditions 
are  determined  by  the  relative  spacing  of  the  antenna  elements.  Further¬ 
more,  some  elements  will  have  a  field  of  view  that  is  different  from 
others.  Elements  located  in  such  a  position  that  view  of  a  jammer  is 
blocked  by  a  wing  or  fuselage  will  be  relatively  ineffective  in  contrib¬ 
uting  to  a  jammer  null;  thus,  degrees  of  freedom  can  be  reduced.  Further¬ 
more,  jammer  signals  arriving  at  those  elements  can  be  highly  dispersed 
due  to  vehicle  multipath. 

Vehicle  multipath,  a  form  of  mutual  coupling,  is  a  very  important 
contributor  to  null  depth  limitation.  Significantly,  in  order  to  get  a 
35  dB  null  against  a  particular  interferer  over  a  given  bandwidth  it  is 
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necessary  that  signals  in  two  different  pathways  agree  to  within  0.05  dB 
and  0.95  degree  rms  phase.  This  is  a  severe  requirement.  Consider  for  a 
moment  two  antenna  elements,  one  located  on  top  of  a  fuselage  and  one 
below.  Consider  a  jammer  on  the  ground  located  so  that  the  lower  element 
views  the  jammer  relatively  well  while  the  top  element  views  the  jammer 
from  behind  the  wing.  Signals  reach  the  top  element  primarily  through 
diffraction  paths;  for  example,  from  the  vertical  stabilizer  or  from  waves 
creeping  around  the  wings.  Even  then,  signals  received  by  the  lower 
element  are  not  completely  free  of  dispersion  in  that  the  direct  path 
may  well  be  augmented  by  a  reflected  path  including  the  wing.  It  is  not 
difficult  to  see  that  vehicle  multipath  can  severely  limit  achievable  null 
depth. 

4. 1.1.3  Platform  Properties 

Possibly  the  most  important  platform  induced  constraint  is  that  of 
available  space.  From  a  gain  standpoint,  it  is  clear  that  the  platform 
area  defines  maximum  achievable  gain.  In  the  case  of  VHF  frequencies, 
effective  area  of  the  platform  may  be  quite  small. 

Given  enough  area  in  which  to  place  the  antenna  elements,  then  the 
problem  becomes  one  of  finding  particular  places  at  which  an  element  can 
be  located.  In  an  aircraft  application,  many  appealing  element  location 
positions  are  placed  off  limit  by  the  air  frame  designers. 

Vehicle  dynamics  must  also  be  taken  into  account  in  that  widely 
spaced  elements  on  a  rapidly  rotating  vehicle  results  in  signals  at  the 
elements  displaying  a  rapid  differential  phase  change.  Such  inputs  are 
more  burdensome  for  the  adaptive  processor  than  those  from  elements 
located  more  closely  together. 

4. 1.1.4  Multiple  Service  Elements 

In  order  to  reduce  the  profusion  of  antenna  elements  on  a  given 
platform  it  is  tempting  to  use  a  given  element  for  multiple  services.  For 
example,  OTIDS  and  GPS  and  possibly  SEEK  TALK  might  be  received  by  a 
single  broadband  element.  Such  usage  entails  considerable  performance 
tradeoffs  and  performance  penalties.  From  a  fundamental  standpoint, 
multiple  service  elements  in  a  multiple  service  array  must  satisfy 
coverage,  required  bandwidth,  and  grating  conditions. 


-74- 


At  the  onset,  coverage  requirements  may  be  difficult  to  achieve  with 
multifunction  elements.  For  example,  GPS  requires  circular  polarization 
largely  from  overhead  directions  while  JTIDS  requires  vertical  polarization 
largely  for  azimuthally  located  emitters.  The  fact  that  GPS  and  JTIDS  are 
in  different  frequency  bands  means  that  design  of  the  multiple  service 
element  is  increased  in  difficulty,  largely  because  of  the  increased  band¬ 
width.  Finally,  even  though  an  antenna  element  can  be  made  to  satisfacto¬ 
rily  perform  two  different  functions,  for  example  SEEK  TALK  and  GPS,  there 
is  considerable  doubt  as  to  whether  an  array  of  such  elements  will  be 
useful  at  both  frequencies.  This  is  due  to  the  fact  that  an  array  sized 
so  as  to  provide  reasonable  performance  at  the  lowest  frequency  will  be 
characterized  by  an  abundance  of  grating  conditions  at  the  higher  frequency. 

4.1.2  Grating  Null  Conditions 

Basically  a  grating  condition  occurs  when  the  relative  phase  of  wave¬ 
forms  induced  in  a  number  of  antenna  elements  is  the  same  for  different 
emitters  even  though  those  emitters  are  located  at  different  spatial 
angles  of  arrival.  Such  a  situation  usually  occurs  when  antenna  elements 
are  located  many  wavelengths  apart;  for  example,  this  effect  is  well  known 
in  interferometry  when  elements  are  deliberately  located  many  wavelengths 
apart,  giving  rise  to  a  multilobed  antenna  pattern. 

Specifically,  the  phasing  or  steering  vector  for  an  antenna  array  can 
be  calculated  from  the  relative  path  lengths  from  each  of  the  antenna 
elements  from  the  emitter.  Each  of  these  relative  phases  becomes  an  entry 
into  the  vector  defined  by  the  number  of  antenna  elements  N.  Therefore, 
the  steering  vector  of  a  desired  signal  s  can  be  written 

N  a  e^2Tr 

VS  =  ?  "NX - 

1 

In  the  above  i  is  used  to  designate  antenna  elements  up  to  N,  and  che 
quantity  a.  is  a  unit  vector  designating  a  dimension  associated  with  that 
antenna  element.  The  terms  x.,  y. ,  and  z^  are  respectively  xyz  coordinates 
of  the  ith  antenna  element.  The  angles  <$s  and  0$  are  the  elevation  and 
4  azimuth  angles  of  arrival  for  the  desired  signal. 


(sin  0s  cos  $s)  x^  +  (sin  0$ 


sin 


^s)yi  +  (cos  es)zi 


-75- 


A 


From  a  study  of  antenna  arrays  and  adaptive  antenna  theory  it  can  be 
shown  that  an  important  determinant  in  establishing  the  grating  condition 
is  the  inner  product  of  the  steering  vector  of  one  emitter  with  that  of 
another.  For  example,  the  inner  product  of  the  signal  steering  vector 
with  the  steering  vector  of  a  jammer.  This  scalar  quantity  is  denoted  as 

YSJ‘ 
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It  can  be  shown  that  the  maximum  value  of  y  is  +1  if  the  steering  vectors 
are  completely  aligned  and  -1  if  they  are  completely  misaligned.  Ortho¬ 
gonal  or  uncorrelated  steering  vectors  are  characterized  by  y  =  0. 

In  the  simple  inteferometer  example  the  inner  product  of  the  steering 
vector  of  an  emitter  arriving  on  an  interference  pattern  lobe  taken  with 
that  of  another  emitter  arriving  on  a  similar  pattern  lobe  would  be  nearly 
one.  Similarly,  one  signal  arriving  on  a  lobe  and  another  signal  in  the 
minima  would  have  an  inner  product  of  -1.  In  either  case  a  high  degree  of 
correlation  in  the  steering  vectors  exists:  if  one  signal  were  desired 
and  the  other  undesired,  it  would  be  impossible  to  simultaneously  null  one 
while  maximizing  the  other;  if  both  were  desired  signals,  a  good  situation 
would  exist  in  that  both  would  be  received  optimally.  In  the  second  case, 
the  situation  is  ideal  for  the  reception  of  a  desired  signal  and  the  nulling 
of  an  interferor  in  that  the  same  phasing  condition  ensures  both.  However, 
if  both  signals  were  desired,  simultaneous  maximization  would  not  be 
possible.  Independent  beam  and  null  forming  ability  is  obtained  when 
y  =  0. 

Figure  4-1  illustrates  the  grating  null  response  for  a  VHF  array  used 
at  L-Band.  In  this  case  a  four  element  array  spaced  for  good  performance 
at  VHF  was  assumed  to  be  used  at  L-Band  frequencies.  Element  spacings  of  a 
fraction  of  a  wavelength  at  VHF  become  many  wavelengths  at  L-Band.  Conse¬ 
quently,  a  multitude  of  grating  conditions  exist. 
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Figure  4-1.  Illustration  of  Grating  Null  Response 
for  a  VHF  Array  Used  at  L-Band 

The  figure  shows  a  null  in  the  direction  of  an  interfering  jammer. 
While  many  of  the  additional  pattern  minima  and- pattern  maxima  can  be 
independently  controlled,  a  large  number  of  these  cannot;  consequently, 
there  are  large  numbers  of  desired  signal  angles  of  arrival  for  which 
simultaneous  desired  signal  gain  and  a  jammer  null  cannot  be  provided. 
Ordinarily,  :uch  an  antenna  pattern  would  not  be  particularly  desirable; 
however,  there  is  an  exception  in  the  case  of  JTIDS. 

4.1.3  Array  Design  Solutions 

In  the  following  paragraphs,  high  performance,  and  possibly  unachiev¬ 
able  antenna  array  solutions  are  discussed. 

4. 1.3.1  Approaches 

The  obvious  and  relatively  high  performance  solution  to  the  MFBARS 
antenna  problem  is  a  different  antenna  element  for  each  of  the  several 
functions.  That  is,  a  different  element  for  GPS,  for  JTIDS,  for  SEEK 
TALK,  for  SINCGARS,  etc.  Furthermore,  because  phased  arrays  are  relatively 
narrowband,  a  different  array  will  be  required  for  each  function.  Other¬ 
wise  a  grating  lobe  problem  will  appear. 

Such  a  high  performance  solution  would  be  characterized  by  very  high 
cost;  specifically,  a  large  number  of  antenna  elements  and  a  large  number 
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of  element  types  would  be  required.  A  major  portion  of  antenna  array 
cost  on  a  vehicle  such  as  an  aircraft  is  the  cost  of  installation  of  the 
antenna  elements  and  routing  of  the  necessary  cables.  Practical  experience 
has  shown  these  costs  to  greatly  exceed  the  cost  of  the  antenna  elements 
themselves.  There  is  the  additional  effect  of  aerodynamic  drag  induced 
by  those  antenna  elements  which  cannot  be  conformally  mounted. 

The  functions  for  which  adaptive  null  steering  is  to  be  realized  are 
JTIDS,  GPS,  SEEK  TALK,  and  SINCGARS.  A  reasonably  effective  array  design 
can  be  achieved  by  combining  JTIDS  and  GPS  functions  (a  frequency  ratio 
range  of  1.6  to  1)  and  by  combining  SEEK  TALK  and  SINCGARS  (13  to  1). 
Significantly,  the  GPS-JTIDS  array  can  be  achieved  as  a  single  package; 
thus,  its  installation  costs  are  essentially  that  of  a  single  element. 

While  a  1.6  to  1  frequency  range  may  be  regarded  as  workable,  con¬ 
siderable  doubt  is  expressed  in  the  case  of  the  SEEK  TALK-SINCGARS  array 
with  a  13  to  1  ratio.  However,  because  SINCGARS  is  VHF,  a  fighter 
aircraft  is  not  sufficiently  large  to  permit  realization  of  desired  array 
dimensions.  Consequently,  no  significant  compromise  beyond  that  which 
would  have  been  necessary  is  anticipated. 

In  order  not  to  encounter  significant  grating  nulls  for  GPS,  it  is 
necessary  to  adjust  the  combined  JTIDS  GPS  array  so  that  somewhat  closer 
wavelength  spacing  is  seen  for  JTIDS  frequencies.  Additionally,  some¬ 
what  wider  spacing  will  be  obtained  for  the  GPS  frequencies  with  an 
attempt  made  to  reduce  grating  conditions  by  randomizing  element  locations. 

Because  of  the  lower  frequency  of  JTIDS  operations,  the  size  of  an 
efficient  JTIDS  element  is  somewhat  larger  than  the  size  of  a  GPS  element. 

A  compromise  is  recommended  in  that  somewhat  reduced  efficiency  can  be 
tolerated  for  the  JTIDS  service. 

Radio  transmission  in  each  band  will  be  accomplished  from  a  single 
element.  This  is  suggested  because  use  of  the  array  is  made  difficult  by 
lack  of  precise  knowledge  as  to  the  desired  direction  of  transmission. 

4. 1.3. 2  Element  Location 

Suggested  antenna  element  locations  for  the  JTIDS-GPS  array  and  the 
SEEK  TALK-SINCGARS  array  are  given  in  this  paragraph.  The  GPS  element 
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placement  is  largely  based  upon  independent  work  done  at  Harris  for  GPS 
and  OTIDS  studies.  Element  locations  for  SEEK  TALK  are  less  rigorously 
determined  and  would  benefit  from  a  GTD  (Geometric  Theory  of  Diffraction) 
type  analysis. 

Antenna  element  locations  for  OTIDS-GPS  for  the  F-16  aircraft  are  dia¬ 
grammed  in  Figure  4-2.  Two  views  are  shown,  one  from  above  and  one  from 
the  side.  The  basic  GPS  array  consists  of  seven  antenna  elements  and  is 
located  immediately  behind  the  cockpit.  Conformal  elements  are  used. 


Figure  4-2.  Possible  Antenna  Locations  -  JTIDS/GPS 

Significantly,  the  multimode  microstrip  antenna  developed  by  Harris 
for  GPS  has  the  necessary  CP  response  above  for  GPS  and  a  vertical  linear 
response  on  the  horizon  which  is  required  for  OTIDS.  To  provide  additional 
azimuthal  resolution  of  JTIDS  band  emitters  which  may  be  arriving  from 
underneath  the  aircraft,  additional  conformal  elements  are  located  on  the 
underside  of  the  aircraft  as  indicated  in  the  lower  view  of  Figure  4-2. 

All  these  elements  will  optimally  be  combined  by  the  adaptive  processor. 


Unfortunately,  the  GPS  conformal  antenna  element  suggested  here  is 
not  particularly  efficient  at  JTIDS  frequencies.  Furthermore,  the  design 
of  such  an  element  covering  the  full  1.6  to  1  frequency  range  with  high 
efficiency,  coverage  and  polarization  will  be  a  difficult  design 
problem. 

A  scale  model  showing  how  the  conformal  GPS-JTIDS  array  would  be 
mounted  is  given  in  Figure  4-3.  The  elements  are  conformal  and  are 
located  in  an  environmentally  protected  area.  Temperatures  near  the  cock¬ 
pit  are  somewhat  milder  than  those  elsewhere  on  the  airframe.  Furthermore, 
installation  volume  is  available  at  this  point  because  a  fuel  tank  does 
not  completely  fill  the  space  available.  A  picture  of  the  antenna  elements 
is  given  in  the  lower  right-hand  portion  of  the  photograph. 

Configuration  of  a  possible  SEEK  TALK-SINCGARS  array  is  shown  in 
Figure  4-4.  Five  elements  are  used,  two  of  which  are  already  existing  as 
indicated  in  the  diagram.  One  additional  element  is  placed  in  close 
proximity  to  the  GPS-JTIDS  array  so  as  to  minimize  installation  effort. 

The  two  remaining  blades  situated  on  the  wings  are  shown.  A  wing  location 
has  the  disadvantage  that  signals  arriving  from  underneath  the  aircraft 
will  not  be  well  received.  However,  in  most  cases  the  aircraft  will  be 
communicating  with  other  aircraft  or  ground  stations  near  the  horizon. 

This  is  a  relatively  small  array  for  the  SINCGARS  function,  but  little 
improvement  can  be  obtained  unless  elements  are  placed  at  the  periphery 
of  the  airframe,  such  as  at  wing  tips.  This  is  electrically  acceptable 
provided  other  UHF  elements  are  located  so  as  to  destroy  the  grating 
effect  at  SEEK  TALK  frequencies. 

Because  the  spacing  of  the  elements  used  for  SINCGARS  will  be 
relatively  small  measured  in  wavelengths,  desired  signal  performance  will 
suffer  when  jammer  nulling  is  required.  However,  the  ability  to  form  nulls 
is  not  significantly  impaired.  Desired  signal  performance  is  compromised 
because  of  the  natural  spatial  period  of  the  array;  that  is,  the  maximum 
angular  rate  at  which  the  pattern  can  change  from  a  null  to  a  lobe  is 
set  by  array  physical  dimensions. 
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Figure  4-3.  Conformal  Array  for  GPS-JTIDS 


Figure  4-4.  Possible  SEEK  TALK-SINCGARS  Array 
4. 1.3. 3  Broadband  Element  Design 

Several  approaches  which  may  be  of  benefit  in  achieving  the  broadband 
element  design  required  for  the  combined  GPS-JTIDS  array  are  discussed  in 
this  subsection. 

The  multiple  tuning  approach  would,  in  effect,  utilize  a  relatively 
complex  filter  circuit  along  with  a  multimode  antenna  having  multiple 
taps  to  realize  a  broadband  element.  The  physical  size  of  this  element 
would  be  roughly  that  of  a  JTIDS  element  or  somewhat  smaller  if  reduced 
gain  is  permitted.  The  size  of  this  element  is  largely  determined  by 
the  gain  necessary  at  the  lowest  operating  frequency.  GPS  performance  for 
such  an  element  would  be  largely  unaffected  while  JTIDS  response  would  be 
on  the  order  of  -6  dBi. 

Possibly,  multimode  operation  of  an  element  similar  to  the  Harris 
GPS  design  could  be  used  in  this  application  by  driving  the  radiating 
element  in  an  orthogonal  mode.  For  example,  elements  could  be  fed  to  give 
CCW  phase  rotation  for  GPS  and  uniform  phase  for  JTIDS.  This  approach  also 
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would  provide  additional  independent  antenna  ports  for  adaptive  array  use. 
In  effect,  different  portions  of  the  physical  structure  would  be  used  to 
realize  different  radiating  patterns. 

In  a  third  approach,  the  radiating  element  could  be  provided  with 
separate  feeds  for  different  portions  of  the  same  element,  in  effect, 
diplexing  the  element.  This  approach  would  require  frequency  selective 
impedance  matching  to  isolate  the  separate  feeds.  Furthermore,  special 
designs  would  be  required  to  provide  the  required  antenna  pattern  at 
each  port. 

In  an  essentially  conventional  approach,  elements  for  GPS  and  JTIDS 
could  be  interposed.  Separate  designs  would  be  used  for  GPS  and 
JTIDS  but  these  two  design  would  be  merged  into  a  single  array,  thus 
reducing  installation  costs.  If  such  an  approach  is  to  succeed,  special 
designs  will  be  required  in  order  that  the  larger  elements  do  not  adversely 
perturb  the  pattern  of  the  smaller  elements.  Furthermore,  it  is  not  clear 
that  a  desired  positioning  of  the  elements  can  be  achieved  in  that 
avoidance  of  a  grating  condition  might  require  the  colocation  of  certain 
elements.  Hopefully,  an  array  of  smaller  elements  could  be  placed  around 
a  larger  element. 

It  is  possible  to  simply  use  the  GPS  element  at  JTIDS  frequencies 
and  accept  the  loss  due  to  the  smaller  aperture  at  the  lower  frequency. 

One  would  expect  such  an  approach  to  yield  a  gam  of  about  9  dB  below 
isotropic  for  the  JTIDS  band. 

In  what  is  probably  the  most  appealing  approach,  but  yet  the  one  that 
is  the  most  technically  demanding,  a  reduced  size  element  such  as  a  GPS 
element  could  be  effectively  operated  at  JTIDS  frequency  by  instantaneous 
electronic  tuning.  Recall  that  JTIDS  is  a  frequency  hopping  system  and 
that  although  the  entire  bandwidth  is  very  large,  instantaneous  bandwidth 
is  relatively  narrow.  Using  a  methjd  of  electronic  tuning,  perhaps 
through  the  use  of  varactors,  the  standard  GPS  element  could  be  tuned  as 
a  function  of  time  to  the  desired  JTIDS  frequency.  Information  necessary 
for  such  tuning  is  already  provided  to  the  adaptive  processor  which 
requires  knowledge  of  the  JTIDS  band.  It  is  thought  that  such  electronic 
tuning  of  the  GPS  element  might  result  in  a  JTIDS  response  about  4  dB 
below  isotropic.  Considering  system  link  margins  provided  to  assure 
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performance  against  jamming,  this  antenna  response  in  combination  with 
null  steering  may  provide  satisfactory  overall  system  performance. 

4.2  ALGORITHM  CONSIDERATIONS 

This  subsection  is  devoted  to  the  adaptive  algorithms  considered  for 
use  in  conjunction  with  the  arrays  described  in  subsection  4.1.  We  begin 
with  a  discussion  of  the  theoretical  basis  of  the  several  algorithms  and 
follow  this  with  consideration  of  the  environment  in  which  the  algorithms 
must  operate.  Desired  signal  enhancement  is  treated,  followed  by  expected 
and  potential  performance.  These  topics  are  of  secondary  importance  relative 
to  that  of  potential  realization  which  is  considered  in  detail  in 
paragraph  4.2.5.  Here  the  relative  merits  of  analog,  digital,  and  hybrid 
analog-digital  realizations  are  discussed. 

4.2.1  Theoretical  Basis 

A  wide  variety  of  adaptive  algorithm  approaches  are  available  for  our 
use.  Those  considered  here  are  the  gradient  (LMS),  digital  search, 
recursive  estimation,  open  loop,  and  higher  order.  These  bases  encompass 
very  large  areas  of  consideration. 

4.2. 1.1  Gradient 

Gradient  following  techniques  construct  an  error  function,  usually 
the  difference  between  that  which  is  desired  and  the  array  output,  and 
seek  to  minimize  this  error.  The  gradient  of  the  error  surface  with  respect 
to  the  weights  is  measured  and  performance  is  improved  by  moving  the 
weights  in  the  direction  opposite  the  gradient,  thus  reducing  the  error. 

A  variety  of  error  performance  criteria  can  be  used,  but  the  most 
common  is  least-mean-square.  This  naturally  results  in  a  minimization  of 
the  error  signal's  power. 

Gradient  algorithms  are  extremely  versatile,  have  good  performance, 
and  are  very  well  understood  theoretically.  Furthermore,  the  gradient 
technique  can  be  realized  in  analog,  digital,  and  analog-digital  hybrid 
type  formats. 

4. 2. 1.2  Digital  Search 

The  digital  search  approaches  are  best  classified  as  analog-digital 
hybrids.  In  such  an  approach  a  processor  would  try  arbitrary  weight  values 
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and  remember  those  which  resulted  in  the  best  performance.  By  successively 
selecting  those  weights  which  reduce  the  array  error,  one  can  eventually 
proceed  to  a  good  solution.  The  best  known  digital  search  technique  is 
random  search,  for  which  a  large  amount  of  work  has  been  done.  It  has 
been  shown  by  G.  Patrick  Martin  of  Harris  Corporation  that  random  search  as 
it  is  customarily  practiced  is,  in  fact,  a  normalized  gradient  algorithm 
(refer  to  the  report  for  RADC  contract  F30602-77-C-0073) . 

In  principal,  digital  search  techniques  could  be  realized  in  analog 
formats  as  well.  However,  as  the  name  implies,  these  approaches  are  best 
in  a  digital  hybrid  format. 

4. 2. 1.3  Recursive  Estimation 

The  technique  of  recursive  estimation  can  be  classified  as  a  self- 
orthogonal  i  zing  algorithm.  It  proceeds  by  iteratively  developing  the 
inverse  of  the  covariance  matrix.  This  approach  requires  direct  samples 
of  the  several  inputs  as  well  as  the  matrix  type  operations  (although  a 
matrix  inverse  is  not  required).  The  task  of  sampling  the  input  alone  is 
formidable;  thus,  the  entire  algorithm  would  be  prohibitively  expensive 
in  a  MFBARS  application. 

Presently  this  approach  is  confined  to  applications  wherein  a 
relatively  large  and  fast  digital  computer  is  available.  Even  then  rate 
of  adaptation  is  slow  due  to  the  multitude  of  computations  required. 

4. 2. 1.4  Open  Loop 

Open  loop  approaches  have  been  receiving  some  attention  lately  in 
the  literature.  However,  in  contrast  to  the  gradient  approach,  which  is 
closed  loop,  extremely  high  precision  measurements  of  the  inputs  will  be 
required  in  order  that  effective  null  depths  be  obtained.  Furthermore, 
extremely  high  quality  RF/IF  front  ends  are  required  unless  measured 
compensation  is  made  for  differential  response  in  the  several  channels. 

4.2. 1.5  Higher  Order 

Higher  order  techniques  recognize  that  a  given  error  function  may 
be  reduced  more  effectively  by  using  knowledge  of  the  error  surface 
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characteristics.  For  example,  it  is  known  that  the  least-mear-square 
error  criteria  results  in  a  parabolic  error  surface.  Progression  to  the 
minimum  error  point  can  theoretically  be  made  in  a  single  step  provided 
that  the  error  surface  is  accurately  estimated.  This  is  in  contrast  to 
gradient  following  techniques  which  do  not  need  to  know  the  shape  of  the 
error  function,  only  its  gradient.  Therefore,  the  gradient  following  tech¬ 
niques  creep  along  toward  the  best  solution  in  contrast  to  the  higher 
order  methods  which,  after  a  period  of  measurement  and  computation,  go  there 
directly. 

Higher  order  techniques  of  various  types  can  be  realized  in  digital 
and  analog  digital  hybrid  formats.  In  some  cases  largely  analog  type 
circuits  could  benefit  from  this  approach.  Presently,  it  is  thought  that 
the  additional  complexity  of  these  approaches  more  than  offsets  the  marginal 
performance  benefits  they  can  provide. 

Significantly,  most  of  these  five  approaches  could  probably  satisfy 
the  MFBARS  requirements.  Furthermore,  this  list  is  far  from  complete  in 
that  other  techniques  could  also  meet  the  requirements.  Specific  selection 
of  an  algorithm  will  be  made  later  in  this  section,  but  we  can  conclude 
now  that  the  theoretical  basis  of  the  algorithm  does  not  have  a  major  con¬ 
straining  effect  on  the  MFBARS  adaptive  subsystem  design. 

4.2.2  Environment 

Design  of  the  MFBARS  adaptive  processor  must  take  into  account  the 
expected  jamming  threat,  desired  signal  waveforms,  and  platform  effects. 

4.2.2. 1  Threat 

The  jamming  threats  assumed  here  were  those  described  independently 
for  GPS,  JTIDS,  SEEK  TALK  and  SINCGARS.  Important  factors  are  the  number 
of  jammers,  the  relative  power  of  these  jammers  and  the  type  of  jammer, 
such  as  noise,  CW,  pulse  or  deception. 


4. 2. 2. 2  Desired  Signal  Waveform 

Significantly  different  performance  is  required  for  the  adaptive 
algorithm  in  the  case  of  GPS,  JTIDS,  SEEK  TALK,  and  SINCGARS.  For  example. 
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GPS  is  a  direct  spread  system  which  operates  in  two  different  frequency 
bands:  L-|  and  Additionally,  signals  from  a  number  of  different 
satellites  are  to  be  received  simultaneously;  in  contrast,  JTIDS  is  a  TOMA 
type  system  which  achieves  some  degree  of  bandwidth  spreading  by  the  method 
of  frequency  hopping.  Signals  are  not  received  simultaneously  and  synchro¬ 
nization  to  the  frequency  hopping  sequence  is  clearly  required.  SINCGARS 
is  also  a  frequency  hopping  system  but  with  considerably  less  complexity 
than  the  JTIDS  system.  SEEK  TALK  requires  reception  of  direct  spread 
signals  which  may  be  simultaneously  present  from  several  desired  signals 
(conferencing  mndes).  The  adaptive  algorithm  must  perform  in  different 
modes  for  each  of  these  functions. 

4. 2. 2. 3  Platform 

Algorithm  design  is  influenced  by  the  platform  upon  which  the  antenna 
array  is  mounted  through  the  mechanisms  of  vehicle  multipath,  dispersion 
and  vehicle  dynamics.  Also,  the  existance  of  a  grating  condition  can 
significantly  slow  response  of  the  algorithm  if  the  parameter  y  is  large 
and  positive  for  a  desired  signal  jammer  combination. 

Dispersion  induced  by  vehicle  mutual  coupling  limits  achievable  null 
depths  unless  a  multiply  tapped  delay  line  type  processor  is  used.  Due  to 
the  cost  and  complexity  of  such  an  approach,  this  alternative  will  be 
avoided  if  possible. 

Aircraft  roll  rates  in  excess  of  360  deg/sec  can  induce  a  significant 
differential  rate  of  change  of  phase  in  the  waveforms  arriving  at  the 
several  antenna  array  elements.  This  rate  of  change  phase  forces  the 
algorithm  to  be  in  a  continual  state  of  adaptation;  if  the  algorithm  does 
not  adapt  sufficiently  rapidly,  jammer  null  depth  will  be  significantly 
reduced.  Also, a  particular  problem  with  pulse  jammers  is  evident  when 
the  array  is  rotating.  Although  good  nulls  may  be  formed  on  a  pulse 
jammer  during  the  period  of  time  that  pulse  jammer  is  on,  the  adapted 
antenna  pattern  will  rotate  with  the  airframe;  thus,  the  null  direction 
is  pointed  away  from  the  pulse  jatmier  when  the  pulse  reappears.  In  this 
case  readaptation  to  the  pulse  jammer  is  required. 

Desired  signal  adaptation  during  periods  of  high  vehicle  dynamics  will 
not  be  particularly  good  if  the  desired  signal  is  very  weak  compared  with 
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the  jamner  since  the  rate  of  adaptation  of  the  array  toward  the  signal  will 
be  low.  Fortunately  this  effect  is  compensated  to  some  extent  by  the  fact 
that  antenna  lobe  responses  are  relatively  broad  as  opposed  to  the  nulls 
which  are  relatively  narrow.  Thus,  even  though  a  lobe  may  not  be  pointed 
accurately,  the  fact  that  it  is  slowly  changing  with  angle  means  that  a 
useful  degree  of  gain  may  exist  in  the  direction  of  the  desired  signal. 

4.2.3  Desired  Signal  Enhancement 

While  enhancement  of  the  desired  signal  is  not  always  necessary,  it  is 
usually  desirable.  Three  alternatives  are  considered:  an  a  priori  spatial 
discriminant,  a  priori  temporal  discriminant,  and  combined  spatial/ 
temporal  discriminants. 

4. 2. 3.1  A  Priori  Spatial  Discriminant 

By  a  priori  spatial  discriminant  it  is  meant  that  the  direction  of  ar¬ 
rival  of  a  desired  signal  is  known  on  an  a  priori  basis.  Such  information  is 
available  from  JTIDS  relative  navigation  data  or  from  the  inertial  naviga¬ 
tion  system.  Provided  system  synchronization  has  been  obtained,  GPS 
provides  very  precise  knowledge  of  the  user’s  position;  therefore,  the 
desired  satellite  positions  will  be  known. 

Unfortunately,  simple  knowledge  of  relative  directions  to  the 
desired  emitters  must  be  converted  into  desired  signal  steering  vectors. 

That  is,  the  relative  phase  of  the  arriving  signal  must  be  known  in  each 
of  the  several  antenna  array  elements,  this  requires- considerable  com¬ 
putation  even  in  the  case  of  ideal  elements,  particularly  if  a  three-dimen¬ 
sional  array  is  utilized  (the  conformal  arrays  envisioned  for  use  here 
will  be  three-dimensional).  Actually,  phasing  based  on  time  of  flight 
is  inadequate  to  obtain  the  necessary  steering  vectors  in  that  the 
element-to-element  electromagnetic  coupling  as  well  as  the  element-to- 
airframe  coupling  perturbs  the  phasing  terms.  Thus,  the  mutual  coupling 
matrix  must  also  be  known  and  accounted  for. 

If  the  desired  signals  are  very  weak,  the  result  of  error  in  a  desired 
signal  steering  vector  is  such  that  no  significant  degradation  of  the 
desired  signal  term  will  result  unless  a  jammer  closely  approaches  the 
desired  signal  in  angle.  In  this  case  nulling  failure  can  occur  due  to 
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the  fact  that  the  errors  caused  the  algorithm  to  believe  that  the  jammer 
was  approaching  coalignment  with  the  desired  signal  when,  in  fact,  it  was 
not.  If  the  desired  signal  strength  is  relatively  large  and  errors  exist 
in  the  computed  steering  vector,  then  the  array  will  null  the  desired 
signal.  This  is  a  very  powerful  effect  and  errors  as  small  as  0.04  degree 
in  direction  of  arrival  can  result  in  20  and  30  dB  nulls  for  a  four 
element  array  with  one  half  wavelength  uniform  spacing. 

Because  of  the  necessity  of  large  amounts  of  computation  as  well 
as  the  effect  of  inaccuracies  induced  by  mutual,  desired  signal,  a  priori 
spatial  discriminants  are  not  easily  applied.  There  is  an  important  type 
of  spatial  discrimanant  which  can  be  applied  very  simply  if  the  desired 
signal  is  relatively  weak  compared  with  janming  and  thermal  noise.  This 
is  a  zero  steering  vector  or  suppression  type  algorithm  in  which  every 
emitter  significantly  present  in  the  environment  is  nulled.  Strong  jammers 
are  therefore  nulled  while  the  relatively  weak  desired  signals  are  untouched. 
Performance  of  this  approach  is  satisfactory  given  that  the  desired  signal 
direction  does  not  fall  near  that  of  a  grating  null. 

4. 2.3. 2  A  Priori  Temporal  Discriminant 

By  a  priori  temporal  discriminant,  it  is  meant  that  a  feature  of  the 
system  waveform  is  available.  For  example,  the  spreading  sequence  of  the 
GPS,  SEEK  TALK,  or  JTIDS  system.  This  can  be  a  powerful  and  easily  applied 
discriminant.  It  is  particularly  significant  that  this  discriminant  will 
be  exactly  known  and  available  from  the  system  modem  once  the  modem  has 
synchronized.  Acquisition  of  the  desired  signal  in  the  case  of  a  very 
weak  signal  and  very  strong  jamming  may  be  somewhat  more  difficult  than 
with  the  a  priori  spatial  approaches  due  to  the  fact  that  modem  synchro¬ 
nization  is  difficult  to  obtain. 

4. 2. 3. 3  Combined  Spatial/Temporal 

Combined  spatial /temporal  approaches  promise  to  be  very  powerful  in 
that  each  helps  to  avoid  weaknesses  of  the  other.  In  the  case  of  very 
weak  desired  signals  and  lack  of  modem  synchronization,  a  priori  spatial 
techniques  can  be  used  to  point  the  array  while  jammer  nulling  proceeds 
on  the  basis  of  a  suppression  approach.  Given  strong  desired  signals 
where  error  in  direction  of  arrival  could  lead  to  severe  desired  signal 


nulling,  rapid  adaptation  of  the  system  to  the  desired  signal  can  be 
achieved  using  temporal  approaches.  Such  a  combined  spatial/temporal 
approach  is  recommended  for  the  MFBARS  system  when  desired  signal  maxi¬ 
misation  is  required. 

4. 2. 3. 4  Special  Effects 

Grating  conditions  may  be  desirable  in  some  applications,  such  may  be 
the  case  for  JTIDS  in  this  application.  Consider  that  a  relatively  widely 
spaced  array  is  used,  resulting  in  a  very  rapidly  varying  antenna  pattern. 
Such  a  pattern  is  illustrated  in  Figure  4-5.  At  the  upper  left  of  this 
figure,  the  array  pattern  at  a  particular  frequency,  w,,  is  shown.  In  this 
case,  due  possibly  to  jammer  nulls  in  other  directions,  a  grating  null 
also  exists  in  the  direction  of  a  desired  signal.  Thus,  for  this  particu¬ 
lar  frequency  the  desired  signal  is  not  received.  When  the  system  hops 
to  a  new  frequency,  grating  conditions  again  exist  but, as  shown  in  the 
right-hand  pattern  for  frequency  u . ,  a  grating  lobe  now  appears  roughly  in 
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the  direction  of  the  desired  signal.  One  might  expect  on  a  probability 
basis  that  response  at  half  of  the  frequencies  might  be  poor  while  response 
for  the  remainder  of  the  frequencies  might  be  good.  On  an  average  basis, 
this  might  lead  to  very  good  system  performance.  Additional  statistical 
type  analysis  is  required  to  resolve  this  point. 


Figure  4-5.  Illustrations  of  Possible  Grating  Effects 
on  JTIDS  Desired  Signals 


4.2.4  Potential  Performance 

Algorithm  selection  must  take  into  account  achievable  signal-to- 
noise  ratio  improvement  under  static  and  dynamic  conditions.  Thus,  basic 
null  depth  as  well  as  adaptation  speed  are  important  factors. 

4. 2.4.1  Achievable  S/N  Improvement 

Signal-to-noise  ratio  improvement  is  governed  by  null  depth  obtain¬ 
able  on  the  jammers  as  well  as  desired  signal  gain.  Algorithm  and 
circuit  imperfections  largely  establish  null  depth.  For  example,  0.05  dB 
amplitude  and  0.95  degree  rms  phase  will  limit  null  performance  to  about 
35  dB.  Furthermore,  very  fast  adapting  algorithms  with  a  high  degree  of 
weight  jitter  will  have  reduced  null  depth  compared  with  slower  adapting 
algorithms  due  to  the  fact  that  weight  jitter  is  always  perturbing  the 
weights  away  from  their  optimum  solution.  Similarly,  perturbational 
type  digital  algorithms  or  hybrid  analog/digital  algorithms  also  contin¬ 
ually  displace  weights  away  from  their  optimum  solutions,  thus  reducing 
achievable  null  depth.  Nevertheless,  perturbational  type  algorithms,  in 
spite  of  their  reduced  null  depth  capabilities,  are  attractive  candi¬ 
dates  due  to  their  usually  adequate  performance  and  low  overall  system 
cost. 

4. 2. 4. 2  Adaptation  Speed 

Rate  of  adaptation  of  the  algorithm  to  the  interfering  signals  and 
desired  signals  is  very  important  in  two  cases:  first,  when  the  platform 
upon  which  the  array  is  mounted  is  subjected  to  relatively  high  rates  of 
angular  motion  such  as  the  roll  of  an  aircraft  and,  second,  when  used  in  a 
TOMA  or  frequency  hopping  system  with  small  or  no  weight  memory.  In  such 
applications  it  is  necessary  that  the  algorithm  be  capable  of  adapting 
rapidly  to  any  externally  induced  changes.  Otherwise,  signal-to-noise 
ratios  predicted  by  optimum  calculations  will  not  be  realized  and  the 
array  will  be  in  a  continual  state  of  adaptation. 

4.2.5  Potential  Realizations 

Probably  the  single  most  important  consideration  for  the  MFBARS 
application  is  the  manner  in  which  the  adaptive  algorithm  is  realized. 
Practically  every  important  parameter  is  affected  by  the  realization, 


including  null  depths,  adaptation  speed,  size,  weight,  power,  and  espe¬ 
cially  cost.  The  following  paragraphs  briefly  review  analog,  digital, 
and  hybrid  analog/digital  approaches  from  a  relative  cost/performance 
standpoint.  Following  this  review  a  selection  of  realization  for  MFBARS 
is  made. 

4.2.5. 1  Analog 

A  basic  block  diagram  of  analog,  digital  and  hybrid  analog/digital 
approaches  is  shown  in  Figure  4-6.  The  analog  approach  is  shown  to  the 
left.  A  customary  LMS  type  approach  is  illustrated.  At  the  top  of  the 
figure  an  antenna  element  with  voltage  output  x..(t)  provides  signals  to  a 
weighting  device, then  to  a  correlator.  All  the  weighted  signals  are 
summed,  providing  the  array  output  as  indicated.  If  a  temporal  reference 
type  algorithm  is  used,  a  desired  reference  function  is  subtracted  from  the 
array  output,  thereby  forming  the  array  error.  This  error  is  then  corre¬ 
lated  with  the  individual  inputs,  forming  the  gradient  of  the  error  surface. 
This  gradient  is  integrated,  thus,  producing  the  algorithm  weight. 
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Figure  4-6.  Adaptive  Array  Circuit  Diagrams 
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The  digital  approach  is  shown  in  Figure  4-6,  Part  B.  The  volt¬ 
age  output  of  the  antenna  array  elements  are  converted  from  analog 
to  a  digital  format  and  are  processed  by  a  digital  computer.  This 
digital  processor  may  also  use  a  reference  input  in  achieving  its  output 
function.  The  digital  processor  can  generally  accomplish  any  of  the 
various  algorithms.  It  would  do  this  numerically,  however,  in  contrast 
to  the  analog  approach  which  would  use  analog  weights,  correlators, 
integrators,  etc. 

Figure  4-6,  Part  C  shows  a  hybrid  analog  digital  technique.  The 
antenna  input,  the  weighting  device,  and  array  combiner  are  the  same  as 
those  used  in  the  analog  approach.  These  form  the  analog  portion  of  the 
hybrid  technique.  Array  output  may  or  may  not  go  directly  to  performance 
measure  devices  where  the  reference  function  R  can  be  input.  Either  before 
or  after  the  performance  measure,  an  analog-to-digital  conversion  is  per¬ 
formed  and  the  digital  results  are  provided  to  a  digital  processor.  This 
processor  then  executes  several  of  a  number  of  acceptable  al gori thms,  re¬ 
sulting  in  calculation  of  the  several  weight  values.  These  digital  quanti¬ 
ties  are  delivered  to  a  digital-to-analog  converter,  the  output  of  which 
controls  the  analog  weight. 

At  first  glance  the  hybrid  analog/digital  approach  seems  the  most 
complex  of  the  three  shown.  In  fact,  however,  the  simple  analog  approach 
is  quite  unworkable  as  it  is  shown  due  largely  to  the  fact  that  very  weak 
signals  arrive  at  the  antenna  input.  Thus,  amplification  and,  importantly, 
band  1  imi ting  to  the  desired  signal  bandwidth  must  be  accomplished  before 
the  correlation  function  is  realized.  Otherwise, the  algorithm  would  con¬ 
cern  itself  with  out-of-band  interferers  and  the  number  of  degrees  of 
freedom  would  be  quickly  exhausted.  What  is  required  is,  in  effect,  a 
receiver  in  each  of  the  antenna  inputs  complete  with  amplifiers,  LOs,  and 
bandpass  filters.  A  detailed  block  diagram  of  a  typical  analog  adaptive 
null  steering  array  is  shown  in  Figure  4-7.  Signals  from  each  antenna 
input  are  sent  from  a  preselection  filter  to  a  local  oscillator  which 
frequency  converts  those  signals  to  an  intermediate  frequency.  IF 
amplification,  bandpass  filtering  and  amplification  all  follow  before  the 
signal  is  divided  for  correlation  and  weighting.  This  is  a  very  complex 
and  expensive  portion  of  the  analog  approach. 
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Figure  4-7.  Detailed  Block  Diagram  of  Four-Channel 
Analog  Adaptive  Null -Steering  Array 
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The  analog  processor  advantages  and  disadvantages  may  be  summarized 
as  follows.  First,  very  fast  adaptation  is  possible.  Correlation  and 
integration  processes  occur  in  parallel  because  a  correlator  and  inte¬ 
grator  is  present  for  each  weight.  Such  an  approach  is  characterized  by 
very  low  cross-correlation  noise  and, consequently,  very  low  weight  jitter. 
Thus,  the  solutions  obtained  are  very  good  in  their  null  depth  and  null 
stability.  Finally,  the  approach  is  theoretically  understood. 

The  fact  that  individual  receivers  are  required  for  each  antenna 
input  means  that  this  approach  will  be  characterized  by  relatively  high 
cost.  Additionally,  because  of  the  inflexibility  of  analog  designs  once 
they  are  achieved,  this  approach  is  not  particularly  versatile.  For 
example,  it  is  difficult  to  provide  weight  memory  (useful  for  frequency 
hop)  or  to  change  modes  (i.e.,  suppression  to  S/N  maximization). 

4. 2. 5. 2  Digital 

A  more  detailed  block  diagram  of  the  all  digital  adaptive  processor 
is  shown  in  Figure  4-8.  Because  analog  waveforms  are  being  transmitted, 
a  portion  of  the  processor  must, in  fact.be  analog.  As  shown  in  the 
figure,  voltages  from  the  antenna  array  elements  are  preselect  filtered, 
applied  to  a  low  noise  amplifier,  frequency  converted,  post  select  fil¬ 
tered,  IF  amplified,  and  then  delivered  to  an  analog-to-digital  converter. 
Although  this  is  the  customary  approach,  it  is  noted  that  as  technology 
improves,  some  filtering  can  be  done  in  the  digital  processor  at  the 
expense  of  increased  processor  work  load.  At  present,  preselect  and 
post  select  filtering  is  much  more  easily  accomplished  in  analog  format 
than  within  the  digital  processor.  In  principle,  the  digital  processor 
can  achieve  all  weighting,  summing,  filtering,  and  despreading  operations, 
if  desired. 

Relative  advantages  and  disadvantages  of  the  digital  processor  can 
be  summarized  as  follows.  First,  the  digital  approach  is  characterized 
by  having  the  utmost  flexibility.  Almost  any  algorithm  with 
practically  any  special  constraints  can  be  realized.  Furthermore,  this 
approach  is  suitable  for  VLSI.  Potentially  fast  adaptation  can  be 
achieved  in  the  future,  given  that  higher  order  algorithms  or  recursive 
estimation  type  algorithms  are  used  in  lieu  of  the  gradient  following 
techniques. 


Figure  4-8.  All  Digital  Adaptive  Processor 

Disadvantages,  at  present, are  that  insufficient  digital  processing 
capabilities  exist  for  more  complicated  algorithms  at  the  speeds 
required  for  practical  system  problems.  Such  technology  appears  to  be 
at  least  a  decade  away.  Furthermore,  the  present  need  for  a  complete 
receiver  or  a  large  portion  of  a  receiver  in  each  antenna  input  means 
that  the  high  cost  of  the  analog  approach  will  also  be  present  in  the 
digital  approach,  at  least  for  the  foreseeable  future.  Due  to  computation 
rate  limitations  of  practical  digital  computers  in  the  near  and  medium 
term  future,  significant  performance  limitations  will  be  encountered  in 
that  only  the  simpler  algorithms  can  be  realized  at  the  speeds  required  for 
MFBARS  application. 

While  we  must  reluctantly  conclude  that  the  all  digital  approach  is 
not  practical  at  present,  it  is  likely  to  be  the  method  of  choice  by  the 
year  2000. 

4. 2. 5. 3  Hybrid  Analog/Diqi tal 

A  more  detailed  block  diagram  of  the  hybrid  analog/digital  approach  is 
given  in  Figure  4-9.  Signals  from  the  several  antenna  array  elements  are 
delivered  to  low  loss  RF  weights.  Then,  the  weighted  signals  are  combined, 
thus  producing  the  array  output.  In  a  practical  system,  a  receiver  of 
customary  design  is  used  at  the  array  outputs  to  amplify  and  band  limit 
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Figure  4-9.  Hybrid  Analog/Digital  Adaptive  Array  Circuit 

the  desired  signals.  In  fact,  if  the  receiver  design  is  an  existing  one, 
the  receiver  RF  input,  which  would  have  been  connected  to  a  single 
antenna  in  the  customary  approach,  is  simply  connected  to  the  array 
output.  After  amplification  and  band  limiting,  signals  from  an  inter¬ 
mediate  frequency  output  of  the  receiver  are  delivered  to  performance 
measure  and/or  analog-to-digital  conversion  devices.  The  digital  signals 
then  go  to  a  computer/controller  which  executes  the  algorithm  and  obtains 
the  weight  values.  Application  of  these  weight  values  then  completes  the 
algorithm  loop. 

The  remarkable  synergism  of  this  approach  is  evident  through  study 
of  Figure  4-9.  The  customary  receiver  design  lacks  provision  for  adaptive 
null  steering.  Simultaneously,  the  adaptive  processor  requires  gain  and 
band  limiting  of  desired  signals  -  functions  provided  very  well  by  the 
receiver.  It  is  also  significant  that  the  actual  hardware  required  in  the 
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hybrid  analog/digital  approach  is  not  much  more  complex  than  that  shown 
in  the  figure.  This  is  in  contrast  to  the  analog  and  the  digital 
approaches  discussed  earlier. 

A  hardware  diagram  of  the  hybrid  analog/digital  approach  is  shown  in 
Figure  4-10.  Signals  obtained  from  an  antenna  array  are  routed  to  a 
weighting  and  combining  box,  the  output  of  which  is  delivered  to  the  usual 
antenna  input  of  a  radio  set.  If  adaptive  null  steering  were  not 
required,  this  antenna  input  would  be  directly  connected  to  an  antenna 
element.  Signals  from  the  IF  output  of  the  radio  set,  having  been 
amplified  and  band  limited,  are  delivered  to  a  digital  processor  which 
executes  the  algorithm  and  obtains  weight  values.  These  values  are 
sent  to  the  weighting  and  combining  box.  IF  signals  may  optionally  be 
delivered  to  an  auxiliary  modem.  This  modem  may  also  provide  a  discrim¬ 
inant  function  for  desired  signal-to-noise  ratio  maximization. 


Figure  4-10.  Hybrid  Analog/Digital  Adaptive 
Array  Hardware  Diagram 
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Thus, an  existing  radio  set  may  be  given  an  adaptive  null  steering 
capability  simply  by  the  addition  of  additional  antenna  elements,  a 
weighting/combining  circuit, and  a  digital  microprocessor  controller. 

A  somewhat  more  detailed  block  diagram  of  the  analog  portion  of  this 
approach  is  shown  in  Figure  4-11.  Again,  the  antenna  element  weighting 
device  and  array  summer  are  shown  at  the  top  of  the  diagram.  Receiver 
LNAs,  LOs,  and  filtering  devices  are  shown  within  the  dotted  enclosure, 
including  the  possibility  of  spread  spectrum  despreading  operations.  In 
some  cases,  such  as  the  GPS  application,  it  is  not  desirable  to  extract 
performance  measures  from  the  ultimate  system  narrowband.  This  is 
because  the  bandwidth  of  the  receiver  determines  the  rate  at  which  the 
adaptive  processor  can  adjust.  To  meet  adaptation  requirements  imposed 
by  platform  dynamics,  nulling  must  proceed  as  a  rate  compatible  with  a 
25  to  50  kHz  wide  intermediate  frequency  bandwidth.  Consequently,  total 
power  detection  may  take  place  at  a  portion  of  the  IF  circuitry  prior  to 
the  final  bandwidth  reduction.  Desired  signal  terms  can  be  taken  from 
more  heavily  filtered  portions  of  the  receiver. 

The  primary  advantage  of  this  approach  is  that  it  is  highly  syner¬ 
gistic.  The  adaptive  processor  provides  a  null  steering  antijam  capa¬ 
bility  for  the  radio  receiver  while  the  radio  receiver  provides  amplifi¬ 
cation  and  band  limiting  required  by  the  adaptive  processor.  Consequently, 
this  is  a  relatively  low  cost  approach.  Separate  receivers  are  not 
required  in  each  of  the  antenna  inputs,  thus  reducing  size,  weight,  power, 
and  cost.  The  approach  is  relatively  versatile  in  that  a  number  of 
different  algorithms  can  be  run  by  the  digital  processor  -  significantly 
more  than  the  all  analog  processor,  but  somewhat  less  than  the  all  digital 
processor. 

Significant  disadvantages  of  this  approach  are  imposed  by  the  need 
for  continual  weight  perturbations  and  by  the  bandwidth  of  the  radio 
receiver.  To  sense  the  necessary  direction  in  which  to  adapt  (the  gradi¬ 
ent)  a  systematic  method  of  weight  perturbation  is  required.  Such  weight 
perturbation  ensures  that  the  weights  will  always  be  disturbed  evenly  at  an 
optimum  solution.  Thus,  null  depths  are  not  as  good  as  with  the  analog 
approach.  Furthermore,  adaptation  of  the  individual  weights  must  be 
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achieved  in  a  serial  rather  than  in  a  parallel  fashion  because  the 
necessary  gradient  information  must  pass  through  the  radio  set.  Non¬ 
interference  of  this  information  requires,  in  effect,  serial  transmission 
of  such  data  (Harris  Corporation  prefers  a  code  division  multiplex  tech¬ 
nique  having  the  same  data  rate).  Summarizing,  the  algorithm  is  not  as 
fast  as  in  the  analog  approach,  nor  is  the  quality  of  null  depth  as  good. 

In  spite  of  this,  the  approach  car.  be  supri singly  fast  and  null  depths 
limited  by  dispersion  are  often  the  case  rather  than  null  depths  limited 
by  weight  perturbation. 

4. 2. 5. 4  Selections  Made 

On  the  basis  of  the  discussion  presented,  the  hybrid  analog/digital 
processor  is  chosen.  The  principal  reasons  for  this  choice  are  the 
hardware  savings,  the  acceptable  algorithm  performance  achievable,  and  the 
fact  that  most  algorithm  type  options  are  retained. 

4.2.5. 5  Implied  Needs 

While  realization  of  an  effective  hybrid  analog/digital  controller  can 
be  achieved  with  present  technology,  there  is  a  critical  component  which 
is  a  major  contributor  to  overall  system  cost  and  lackluster  performance. 

This  is  the  RF  weight.  It  is  strongly  recommended  that  an  advanced  low 
loss  RF  weight  be  designed  and  developed  for  the  MFBARS  application. 

Present  day  weights,  although  having  very  high  quality  from  a  dispersion 
viewpoint,  have  significant  losses.  For  example,  a  minimum  insertion  loss 
of  10  to  12  dB  is  typical.  Such  a  loss  implies  relatively  large  amounts 
of  high  quality,  low  noise  amplification  in  order  that  the  system  noise  figure 
be  preserved.  Due  to  the  tendency  of  low  noise  amplifiers  to  saturate  and 
produce  intermodulation,  such  amplification  is  difficult  to  achieve,  par¬ 
ticularly  in  the  presence  of  large  amounts  of  jamming.  Additionally, 
weighting  devices  broadband  enough  to  be  used  at  any  of  the  several 
system  frequencies  would  be  desirable. 

A  further  implied  need  is  close  cooperation  in  designing  the  radio 
and  adaptive  circuits.  The  fact  that  circuits  are  extensively  shared 
by  these  processors  means  that, unless  a  high  degree  of  cooperation  exists 
among  designers,  problems  will  develop. 
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4.2.6  Example  Algorithm  Candidates 

Algorithm  candidates  which  are  particularly  useful  in  the  MFBARS 
application  and  in  the  hybrid  analog/digital  format  are  given  brief  con¬ 
sideration  in  this  subsection.  Specific  attention  is  given  to  the  general¬ 
ized  postive  signal  feedback  (PSF)  algorithm,  pattern  search  and  random 
search. 

4. 2. 6.1  Generalized  PSF 

The  positive  signal  feedback  algorithm  is  an  explicit  gradient  type 
algorithm  capable  of  achieving  true  signal -to-noise  ratio  maximization. 
Furthermore,  if  the  desired  signal  steering  term  is  absent,  this  algorithm 
achieves  a  suppression  or  sidelobe  cancellor  type  function.  Alternatively, 
a  direction  of  arrival  steering  vector  can  be  inserted  for  either  single 
or  multiple  simultaneously  desired  signals.  The  PSF  algorithm  has  been 
realized  at  Harris  Corporation  in  both  analog  and  digital  formats.  A 
thorough  description  of  the  technique  is  given  in  the  report  for  Contract 
F30602-77-C-0073.  This  algorithm  is  very  similar  in  part  to  VJidrow's  LMS 
algorithm;  significant  differences  occur  in  formation  and  application  of 
the  desired  signal  reference  function. 

4. 2. 6. 2  Pattern  Search 

The  pattern  search  approach  is  a  digital  search  technique  which 
exploits  the  error  function  surface  in  weight  space.  It  can  be  classified 
as  an  implicit  gradient  approach  since  explicit  gradient  calculations  such 
as  those  found  in  the  LMS  and  PSF  algorithms  never  appear.  Nevertheless, 
implicit  use  of  gradient  terms  is  an  important  part  of  the  algorithm's 
operation.  This  technique  is  capable  of  providing  effective  suppression 
and  sidelobe  cancelling  type  performance.  It  can  also  work  with  direction 
of  arrival  constraints,  provided  they  are  applied  at  the  weight  level. 
Unfortunately,  the  algorithm  is  characterized  by  relatively  slow  siqnal- 
to-noise  ratio  maximization.  This  limitation  is  caused  primarily  by  the 
fact  that  movement  from  one  weight  solution  to  the  next  can  occur  no  faster 
than  estimates  of  the  performance  measure.  Typically,  array  output  signal - 
to-noise  ratio's  can  be  made  with  the  necessary  precision. 
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4. 2. 6. 3  Random  Search 

Random  search  is  another  implicit  gradient  algorithm,  a  fact  which  was 
unknown  until  recently.  It  is  capable  of  very  effective  suppression  type 
algorithms  and  can  also  work  well  with  direction  of  arrival  constraints,  as 
in  pattern  search,  provided  that  they  are  applied  at  the  weight  level. 
Similarly,  random  search  is  slow  to  achieve  signal-to-noise  ratio  maximiza¬ 
tion  because  of  the  need  for  the  performance  measure  to  be  accurately 
established.  Given  that  the  signal-to-noise  ratio  is  poor,  large  amounts 
of  filtering  are  required  with  subsequent  time  delay.  Thus,  the  rate  at 
which  the  algorithm  can  progress  from  one  step  to  the  next  is  limited  by 
the  high  amount  of  filtering  required. 

4. 2. 6. 4  Selections 

Because  adaptation  requirements  differ  for  GPS,  JTIDS,  SEEK  TALK,  and 
SINCGARS,  the  algorithm  of  choice  may  be  different  as  well.  Since  all  of 
the  algorithms  mentioned  work  very  well  with  the  hybrid  analog/digital 
processor,  selection  can  be  made  on  the  basis  of  achievable  performance. 

GPS.  Desirable  adaptive  modes  for  GPS  include  signal-to-noise  ratio 
maximization,  particularly  for  several  desired  signals,  suppression,  and 
protected  angular  space. 

JTIDS .  JTIDS  can  be  adequately  protected  by  a  suppression  algorithm 
incorporating  a  weight  memory  and  recall  technique.  Consider  for  a  moment 
how  a  basic  gradient  following  algorithm  can  be  modified  for  a  frequency 
hopping  application.  The  bandwidth  of  the  frequency  hopping  system  is  often 
much  greater  than  that  effectively  treatable  by  a  narrowband  adaptive 
processor.  Furthermore,  because  of  the  TDMA  nature  of  the  hopping  trans¬ 
missions,  a  conventional  array  design  would  be  in  a  continual  state  of 
adjustment  as  it  hopped  to  the  various  bands.  For  example,  some  bands 
might  have  jamming  and  others  not. 

Figure  4-12  shows  an  effective  method  of  modification  of  a  basic 
gradient  type  algorithm  suitable  for  frequency  hopping.  The  usual  antenna 
element,  weighting  device,  and  array  summer  are  shown  to  the  right  of  the 
diagram  while  the  usual  correlator  and  integrator  are  to  the  left.  v':e 
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Figure  4-12.  Weight  Storage/Recall  for  TDMA,  F-HOP 

integrator  output,  which  is  the  weight  value  in  the  usual  algorithm,  is 
sampled  and  stored  in  a  memory  making  this  information  available  for  recall 
at  a  later  time.  A  recalled  weight  value  is  sent  to  a  summing  device  where 
it  is  combined  with  the  instantaneous  output.  A  digital  sequencer  controls 
flow  of  weight  values  into  and  out  of  the  memory.  This  sequencer  is  con¬ 
trolled  by  a  more  fundamental  digital  processor  in  synchronism  with  the 
frequency  hopping  system;  the  integrator  is  reset  following  each  weight 
recall  cycle. 

Suppose  the  system  is  followed  from  instant  of  turn-on  through  a  few 
cycles.  Initially,  the  system  is  unadapted  in  any  of  the  several  frequency 
bands.  After  hopping  to  the  first  frequency  band,  the  circuit  begins  to 
adapt  and  has  achieved  some  degree  of  nulling  performance  at  the  end  of 
that  particular  interval.  The  weight  associated  with  this  adaptation  is 
then  transferred  to  memory,  and  hopping  proceeds  to  the  next  frequency 
band.  Again  adaptation  occurs  and  the  best  weight  value,  the  one  obtained 
at  the  end  of  that  interval,  is  sent  to  the  memory.  When  a  particular  fre¬ 
quency  band  is  subsequently  revisited,  the  weight  value  from  the  previous 
adaptation  is  recalled  and  summed  with  the  integrator  output.  Because  the 
integrator  is  reset  at  the  beginning  of  each  frequency  hop,  the  system 
begins  adapting  where  it  previously  left  off.  At  the  end  of  the  interval, 
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the  old  weight  value  is  summed  with  the  new  integrator  output  and  this 
quantity  is  stored.  In  such  a  manner,  the  integrator  adapts  only  to  satisfy 
changes  in  a  given  frequency  band  from  one  visit  to  the  next. 

Although  it  is  not  shown  in  Figure  4-12,  desired  signal  steering  vec¬ 
tors  can  be  remembered  in  a  similar  fashion,  providing  for  complete  pattern 
control  both  as  a  function  of  frequency  and  desired  emitting.  However,  it 
is  suggested  that  one  use  the  grating  null  effect  if  simulation  indicates 
that  it  is  an  effective  approach.  Signal -to-noise  ratio  maximization  is 
not  required  for  JTIDS  and,  furthermore,  it  is  probably  not  desirable. 

This  is  because  most  desired  signals  which  are  received  infrequently  may 
require  totally  different  weight  solutions,  thus,  weight  memory  may  be 
ineffective  in  these  cases.  The  very  large  number  of  possible  desired  sig¬ 
nals  call  for  very  large  amounts  of  weight  memory.  Additional  considera¬ 
tion  is  required  for  the  JTIDS  system,  especially  during  acquisition. 

SEEK  TALK.  Due  to  the  fact  that  relatively  strong  desired  signals  can 
be  present,  SEEK  TALK  definitely  requires  signal-to-noise  ratio  maximization 
to  prevent  desired  signal  nulling.  Furthermore,  relatively  fast  adaptation 
is  required  as  well.  An  algorithm  capable  of  treating  multiple  simultaneous 
desired  signals  such  as  the  PSF  is  recommended. 

SINCGARS.  A  suppression  algorithm  is  adequate  for  SINCGARS.  As  with 
JTIDS,  an  algorithm  incorporating  weight  memory  is  recommended  to  accom¬ 
modate  frequency  hopping  over  very  broad  bands.  Because  array  element 
separation  is  very  small  when  measured  in  wavelengths,  grating  conditions 
in  the  SINCGARS  application  are  not  expected  to  be  helpful  as  with  JTIDS. 
Consequently,  desired  signal  gain  will  largely  be  determined  by  separation 
in  angular  space  of  the  desired  signal  from  the  jammers.  In  other  words, 
the  desired  signal  will  practically  always  be  on  the  slopes  of  the  null 
formed  on  the  jammer.  For  this  reason,  signal-to-noise  ratio  maximization 
would  be  only  marginally  useful. 

4.2.7  Conclusions 

It  is  noted  that  the  generalized  PSF  algorithm  is  capable  of  solving 
all  of  the  algorithm  requirements.  However,  a  detailed  analysis  is 
required  to  determine  if  a  particular  algorithm  might  be  more  cost  effec¬ 
tive  for  a  particular  application.  Given  the  flexible  array  configuration. 
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it  will  be  possible  to  use  a  given  antenna  array  for  different  MFBARS 
functions.  In  such  case,  the  adaptive  processor  should  be  capable  of 
achieving  any  of  the  several  functions  -  for  example,  GPS,  JTIDS,  SEEK 
TALK,  or  SINCGARS.  As  a  result,  the  generalized  PSF  algorithm  would  be 
chosen  since  it  is  the  only  approach  capable  of  meeting  all  requirements. 

4.2.8  Major  Digital  Processor  Needs 

A  summary  of  major  digital  processor  performance  requirements  is  given 
in  Table  4-1.  This  digital  processor  executes  the  adaptive  algorithm.  The 
worst  case  processing  rate  is  determined  by  JTIDS  frequency  hooping. 
Operations  required  here  are  calculation  of  the  gradient  as  well  as  storage 
and  recall  of  weight  values.  It  is  estimated  that  roughly  25  million  opera¬ 
tions  per  second  will  be  required.  Importantly,  this  computation  assumes 
that  no  GPS  direction  of  arrival  information  is  required.  Although  compu¬ 
tation  requirements  for  determining  desired  signal  steering  vectors  have 
not  been  accurately  estimated,  the  need  to  account  for  three-dimensional 
element  locations  as  well  as  for  element  mutual  coupling  will  likely  result 
in  a  digital  processor  rate  exceeding  that  for  the  worst  case  JTIDS. 

Approximately  8K  bits  of  RAM  memory  are  required  for  storage  of  weights 
associated  with  a  particular  JTIDS  band  of  frequencies.  ROM  memory  require¬ 
ments  of  approximately  4K  Bytes  support  algorithm  instructions. 

Eight  analog-to-digital  converters  are  required,  each  having  8-bit  capa¬ 
bility  with  one  million  samples  per  second.  Conversion  of  the  digital 
weight  values  to  the  analog  quantity  necessary  to  control  the  weights  will 
necessitate  42  8-bit  D/A  converters. 

It  is  recommended  that  at  least  four  processors  be  provided  along 
with  four  arrays.  The  configuration  and  allocation  of  this  array  resource 
is  discussed  in  subsection  4.3. 

Alternatively,  one  may  realize  the  adaptive  processor  with  dedicated 
digital  logic.  Such  a  circuit  would  require  numerous  8-bit  high-speed 
add-and-mul tiply  integrated  circuits.  The  block  diagram  of  this  approach 
is  shown  in  Figure  4-13.  At  the  right-hand  portion  of  the  figure,  the 
usual  antenna,  RF  amplifier,  weighter,  and  array  summer  path  are  shown. 
Output  of  the  array  is  delivered  to  the  radio  as  is  usually  the  case  in 


Tabic  4-1.  Msjcr  Digital  Processor  Needs 

Processing  Rate  for  Worst  Case  JTIDS  (No  GPS  DOA) 

25  x  10^  Operations/Sec 
Memory 

RAM  8  K  Bits  (JTIDS} 

ROM  4  K  Bytes 

Total  Processor  Major  Components 

4  -  TRW  Processor  Circuits 
16  K  Bits  -  RAM 
16  K  Bytes  -  ROM 

8  Eight-Bit,  106  Samples/Sec  A/D 
42-8  Bit  D/A 

Alternative  Requirements 

Slower  Processor 

Many  Dedicated  8-Bit  High-Speed  Add  and  Multiply 


the  hybrid  approach.  IF  output  of  this  radio  goes  to  power  detectors, 
modems,  and  signal  recognizers  from  which  performance  measurements  are 
extracted  in  an  analog  fashion.  These  analog  outputs  are  converted 
via  8-bit  A/D  converters  to  a  digital  format,  and  are  multiplied  by 
an  algorithm  gain  factor  obtained  from  a  somewhat  slower  master  computer 
located  elsewhere.  These  digital  quantities  are  delivered  to  digital 
correlators,  PX  and  PS,  which  are  shown  at  the  upper  left-hand  portion  of 
the  figure.  Correlation  consists  of  an  exclusive/or  operation  of  the  per¬ 
formance  measure  with  a  weight  perturbation  sequence  suitably  delayed  to 
accommodate  the  delay  in  the  receiver,  power  detectors,  etc.  The  input 
perturbation  is  applied  in  the  path  shown  at  the  upper  center  portion  of 
the  diagram.  After  correlation,  desired  signal  steering  terms  are  added  to 
the  total  gradient  terms  via  a  high-speed  adder,  and  are  then  delivered  to 
a  second  high-speed  adder  that  functions  as  an  integrator  (by  connection  of 
an  adder  output  to  one  of  the  adder  inputs).  This  approximation  to  inte- 
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figure  4-13.  Adaptive  Processor  Design  Using  Discrete  Digital  Functions 
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gration  provides  the  algorithm  weight  value  which  is  converted  from  digital- 
to-analog  format  and  applied  to  the  weight.  Note  that  the  weight  perturba¬ 
tions  are  added  to  the  weight  immediately  prior  to  application. 

Observe  that  most  of  the  devices  in  this  circuit  are  shown  as  being 
under  the  control  of  a  master  computer  which  could  be  the  computer 
associated  with  the  MFBARS  radio.  This  computer  adjusts  algorithm  gains, 
configuration  of  the  algorithm,  initialization,  etc. 

4.3  CONFIGURATION 

This  subsection  discussed  the  arrangement  of  the  antenna  array, 
weighting  devices,  array  combiners,  adaptive  processors,  and  the  radio. 

It  is  apparent  that  a  number  of  arrangements  of  these  components  is 
possible.  For  example,  the  adaptive  processor,  antenna  combiner,  and 
weighting  devices  could  be  colocated  with  the  radio  receiver.  This 
arrangement  would  have  the  advantage  of  minimizing  the  need  of  data 
transmission  between  the  radio  and  the  adaptive  processor.  Other  arrange¬ 
ments  also  have  important  attributes  or  disadvantages.  Such  considera¬ 
tions  are  the  subject  of  this  subsection. 

The  selected  arrangement  of  the  various  hardware  components  is 
described,  giving  only  brief  consideration  to  those  approaches  which 
were  not  selected.  Paragraph  4.3.2  includes  a  discussion  of  the  various 
interfaces  required  among  the  several  component  blocks. 

4.3.1  Selected  Arrangement 

A  block  diagram  of  the  selected  segregation  of  MFBARS  components  is 
presented  in  Figure  4-14.  Observe  that  there  are  three  basic  functional 
blocks:  (1)  the  antenna  array  elements,  (2)  the  adaptive  processors, 
and  (3)  the  radio.  For  reasons  given  in  the  following  three  subsections, 
these  elements  will  be  physically  distinct. 

4. 3. 1.1  Separate  Adaptive  Processor/Radio 

Colocation  of  the  adaptive  processor  with  the  radio  minimizes  the 
need  to  transmit  performance  data  from  the  radio  to  the  adaptive  pro¬ 
cessor  and  optimally  combined  RF  signals  from  the  adaptive  processor  to 
the  radio.  Furthermore,  colocation  might  permit  the  digital  computer 
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Figure  4-14.  Segregation  of  MFBAkS  Components 

necessary  for  the  radio  function  to  assist  with  the  adaptive  processing 
task.  However,  these  advantages  are  offset  by  those  gained  by  separation 
of  the  adaptive  processor  and  radio. 

First,  modular  building  blocks  such  as  a  radio  and  an  adaptive  pro¬ 
cessor  permit  the  use  of  the  radio  alone  in  those  applications  requiring 
no  adaptive  null  steering.  Because  RF  signals  for  the  radio  are  obtained 
directly  from  an  antenna  element  instead  of  the  adaptive  processor  RF 
combiner,  a  very  clean  break  is  provided.  No  significant  cost  penalty 
is  paid  by  radio  users  which  do  not  need  the  adaptive  options. 

Additionally,  the  modular  arrangement  facilitates  maintenance.  A 
malfunctioning  radio  or  adaptive  processor  can  be  individually  serviced, 
possibly  by  replacement  of  the  entire  module. 

Total  cable  requirements  are  reduced  by  this  approach.  If  the 
adaptive  processor  and  radio  were  colocated,  cables  from  each  of  the 
numerous  antennas  would  have  to  be  run  to  the  radio  location.  With  the 
modular  approach,  the  adaptive  processor  can  be  centrally  located  with 
respect  to  antenna  elements.  Reduction  of  total  cable  requirements  reduces 
possible  RFI  and,  of  course,  installation  cost  and  weight. 

Mechanical  conformance  with  the  airframe  is  also  facilitated.  It  is 
often  difficult  to  find  sufficient  space  to  locate  a  single  bulky  item. 
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However,  there  are  usually  somewhat  smaller  places  within  an  airframe  where 
packages  can  be  located.  In  the  case  of  the  F16,  the  adaptive  processor 
can  be  conveniently  located  behind  the  cockpit  over  a  fuel  storage  area 
as  shown  in  Figure  4-15.  In  this  location  the  adaptive  processor  is  close 
to  the  GPS-JTIDS  elements,  those  most  sensitive  to  RF  losses.  Optimally, 
combined  RF  signals  are  delivered  through  a  single  cable  run  to  the  radio 
located  somewhat  nearer  the  aircraft  cockpit. 


Figure  4-15.  Selected  Locations  of  Major  Adaptive  Processor  Components 

A  disadvantage  of  this  separate  adaptive  processor  and  radio  approach 
is  that  adaptive  processor  performance  data,  which  is  necessarily  obtained 
from  the  radio  intermediate  frequency  output,  needs  to  be  sent  from  the 
radio  to  the  adaptive  processor.  These  data  rates  are  relatively  high, 
in  the  order  of  10  Mbps. 
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hts-Summer-Diqital  Controller 

Earlier,  in  paragraph  4.2.5,  a  block  diagram  of  the  hybrid  analog/ 
digital  adaptive  approach  was  given  in  Figure  4-10.  The  RF  weighter- 
combiner  was  shown  separately  from  the  adaptive  processor  digital  con¬ 
troller.  While  this  approach  permits  the  RF  weighter-combiner  to  be 
located  much  closer  to  the  antenna  elements,  a  significant  disadvantage 
of  this  approach  is  that  weight  update  and  weight  perturbation  values 
must  be  transmitted  from  the  adaptive  processor  to  the  weighter-combiner. 

In  the  case  of  JTIDS  frequency  hop,  for  the  number  of  antenna  elements 
recommended,  a  total  data  rate  of  approximately  100  Mbps  would  be 
required.  While  not  impossible,  this  is  a  moderately  difficult  problem. 
Consequently,  it  was  decided  that  the  RF  weighter-combiner  will  be 
colocated  with  the  digital  controller. 

4.3. 1.3  Separate  Antenna/Processor 

In  order  to  minimize  RF  losses  between  the  antenna  elements  and  the 
weighter-combiner,  it  is  desirable  to  have  the  weighter-combiner  located 

as  close  as  possible  to  the  antenna  elements.  There  are  two  problems 
associated  with  closely  locating  the  antenna  array  and  weighter.  First, 
the  antenna  elements  are  widely  dispersed  physically,  particularly  those 
elements  for  the  lower  frequencies.  Secondly,  heat  and  vibration  can  be 
a  significant  problem  in  certain  locations  on  the  aircraft.  Skin  tempera¬ 
tures,  for  example,  can  exceed  hundreds  of  degrees.  Such  an  environment 
is  hostile  to  the  active  circuits  required  for  the  adaptive  processor. 

For  this  reason,  an  environmentally  moderate  location  such  as  the  one 
chosen  is  required. 

A  simple  approach  using  four  separate  adaptive  processors  for 
increased  reliability  is  shown  in  Figure  4-16.  At  the  top  of  the  figure, 
two  antenna  arrays  are  shown,  one  a  VHF/UHF  array  and  the  second  an  L-band 
array.  After  signals  from  the  antenna  elements  are  low  noise  amplified, 
they  are  diplexed  into  bands.  Examples  of  JTIDS  and  GPS  are  shown  in  the 
right-hand  portion  of  the  figure.  After  diplexing,  signals  are  adaptively 
weighted  and  combined,  providing  optimized  RF  outputs.  A  disadvantage  of 
this  approach  is  that,  while  it  uses  multifunction  antenna  elements,  the 
adaptive  processors  are  necessarily  single  function  due  to  the  presence 
of  the  diplexer  ahead  of  the  adaptive  weighting  function. 
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Figure  4-16.  Adaptive  Processor  RF  Circuitry 

A  much  more  versatile  approach  is  shown  in  Figure  4-17.  In  addition 
to  increased  versatility,  reliability  of  this  second  approach  is  enhanced 
because,  if  one  of  the  adaptive  processors  should  fail,  the  remaining  three 
processors  can  continue  operating  on  the  three  highest  priority  signals. 
Observe  that  after  low  noise  amplification,  signals  are  simply  power  divided 
and  directed  to  the  weighting  and  combining  networks.  Output  of  these 
combining  networks  is  then  diplexed  (the  best  location  for  the  diplexers 
is  probably  in  the  receiver)  into  the  several  frequency  bands,  e.g.,  JTIDS 
and  GPS.  If  useful  response  of  the  VHF  element  is  obtained  in  the  L-band 
frequency  range,  additional  diplexers  could  be  provided  for  the  remaining 
adaptive  processors. 

A  significant  advantage  of  this  increased  versatility  approach  is  that, 
during  GPS  acquisition  and  from  time  to  time,  it  might  be  desirable  for  both 
L1  and  L 2  signals  to  be  independently  adaptively  processed.  Additionally, 
acquisition  of  the  JTIDS  system  is  facilitated  by  simultaneous  searches  in 
different  frequency  bands,  a  process  made  more  effective  by  having  several 
independent  adaptive  processors.  Note,  however,  that  four  separate  arrays 
are  not  necessarily  required  for  useful  JTIDS  acquisition  -  in  spite  of  the 
fact  that  four  separate  frequency  or  time  slots  will  be  examined  by  the 
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Figure  4-17.  Increased  Versatility  RF 
Processor  Circuitry 

radio.  Such  acquisition  could  be  accommodated  with  some  performance  degrada¬ 
tion  by  permitting  the  adaptive  processor  to  adapt  simultaneously  to  the 
entire  JTIDS  band  of  frequencies  rather  than  to  specific  bands  in  synchoniza- 
tion  with  a  hopping  procedure. 

Although  not  shown  in  Figure  4-17,  the  increased  versatility  approach 
can  be  extended  to  allow  all  four  adaptive  processors  to  work  independently 
on  any  given  desired  signal,  even  though  the  antenna  elements  themselves  may 
not  respond  to  that  particular  frequency  band.  This  approach  would  require 
the  incorporation  of  both  power  division  and  frequency  diplexing  prior  to 
the  adaptive  weighting  and  summing  operations.  A  future  detailed  analysis 
is  necessary  to  determine  the  relative  cost-performance  benefits. 

4. 3. 1.4  Separate  Processor  for  Each  Function 

It  appears  possible  to  have  a  single  digital  processor  handle  all  of 
the  computational  needs  for  the  four  adaptive  arrays.  Realization  of  such 
a  processor,  however  would  likely  require  parallel  processing  by  somewhat 
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smaller  units.  Furthermore,  having  a  single  processor  for  all  the  functions 
sacrifices  the  possibility  of  graceful  degradation  in  the  event  one  adaptive 
processor  fails.  Consequently,  a  design  having  four  essentially  identical 
digital  processors  is  recommended,  each  having  the  capability  of  serving  any 
of  the  MFBARS  functions.  In  the  event  one  of  the  adaptive  processors 
fails,  the  remaining  three  highest  priority  functions  could  continue 
operating. 


4.3.2  Interfaces 

Separation  of  the  adaptive  processor  from  the  antenna  array  and  radio 
receiver  means  that  careful  attention  must  be  given  to  the  interface  among 
these  several  devices.  The  intent  of  this  section  is  to  list  the  principal 
required  interfaces.  Additional  work  is  required  to  specifically  detail  the 
interfaces,  including  such  information  as  voltage  levels,  number  of  wires  etc. 

4.3.2. 1  Radio/Adaptive  Controller  Shared  Circuits 

Although  not  strictly  an  interface,  the  fact  that  the  radio  and 
adaptive  processor  share  circuits  extensively  results  in  the  necessity  for 
interrelated  design  and  fuction  considerations.  Receiver  AGC,  for  example 
has  considerable  influence  upon  adaptive  processor  performance.  It  will 
be  necessary  to  provide  information  to  the  adaptive  processor  as  to  the 
amount  of  receiver  AGC.  Thus,  receiver  designs  incorporating  a  number  of 
independent  AGC  functions  which  may  not  be  wel 1-characterized  over  a  tem¬ 
perature  range  would  not  be  consistent  with  good  adaptive  processor  per¬ 
formance.  Furthermore,  the  adaptation  rate  of  the  algorithm  is  signif¬ 
icantly  affected  by  the  bandwidth  of  the  radio  intermediate  frequency. 

Thus,  intermediate  frequency  sample  points  for  the  adaptive  processor  may 
need  to  be  specified  differently  for  each  of  the  MFBARS  functions.  Design 
of  the  radio  bandpass  filters  for  minimum  degradation  of  the  adaptive  pro¬ 
cessor  perturbation  functions  is  also  highly  desirable  although  it  might 
result  in  somewhat  less  selective  filters,  at  least  at  this  point  in  the 
IF  circuitry. 


i 
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4. 3. 2. 2  Adaptive  Processor  to  Radio 

The  adaptive  processor  provides  optimized  RF  signals  to  the  radio. 

A  signal  RF  output  is  provided  from  each  of  the  adaptive  processors.  The 
adaptive  processor  also  provides  status  information  such  as  quality  of  the 
adaptation,  health  information,  etc.  to  the  radio  master  digital  processor. 

4 . 3 . 2 . 3  Radio  to  Adaptive  Processor 

The  radio  must  provide  noise  and  desired  signal  perfomance  measure¬ 
ments  to  the  adaptive  processor.  These  performance  measurements  are 
obtained  from  the  appropriate  point  in  the  radio's  intermediate  frequency 
circuits. 

Frequency  hop  synchronization  signals,  in  the  case  of  JTIDS  or  SINCGARS, 
must  be  provided  to  the  adaptive  processor.  It  is  expected  that  the  adap¬ 
tive  processor  will  contain  a  read  only  memory,  the  contents  of  which  can 
be  used  to  calculate  the  required  hopping  sequences.  However,  the  radio's 
digital  processor,  which  has  the  responsibility  of  synchronization  to  the 
several  desired  signals,  must  convey  sync  information  to  the  adaptive 
processor. 

In  the  case  of  a  priori  direction  of  arrival  information  such  as 
might  be  effectively  utilized  for  GPS,  it  is  assumed  that  computation  of 
the  desired  signal  steering  vectors,  including  incorporation  of  the  mutual 
coupling  matrices,  if  necessary,  will  be  provided  by  the  master  radio 
digital  processor. 

Finally,  test  and  calibration  signals  should  be  sent  from  the  radio 
processor  to  the  adaptive  processor,  thus  enabling  and  facil itiating  system 
checkout. 

4. 3. 2. 4  Other 

Other  interfaces  such  as  power  busses,  heat  transfer,  cooling  air, 
etc.,  may  be  required  but  are  not  considered  here. 

4.4  CONCLUSIONS  AND  RECOMMENDATIONS 

The  following  paragraphs  summarize  the  major  findings  of  this  investi¬ 
gation  and  recommend  required  additional  development. 
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4.4.1  Summary 


Because  of  the  great  expense  associated  with  the  installation  of  indi¬ 
vidual  isolated  antenna  elements,  the  concept  of  multiple  use  arrays  is 
recommended,  specifically,  an  array  serving  GPS  and  JTIDS  simultaneously 
and  a  second  array  serving  SEEK  TALK  and  SINCGARS.  The  number  of  elements 
in  these  arrays  has  been  determined  on  the  basis  of  other  studies  and  for¬ 
mulated  with  specific  threat  information  for  the  specific  service.  In  some 
cases,  particularly  for  SEEK  TALK  and  SINCGARS,  specific  placement  of 
antenna  elements  is  nebulous  and  needs  further  refining. 

In  the  area  of  adaptive  processor  design,  a  hybrid  digital  analog 
approach  is  strongly  recommended.  Such  an  approach  utilizes  the  best  fea¬ 
tures  of  a  particular  radio  design  while  simultaneously  removing  the  need 
for  individual  radio  receivers  in  each  of  the  antenna  inputs.  Thus,  this 
approach  is  very  cost  effective  and  reduces  size,  weight  and  power.  Per¬ 
formance  of  the  hybrid  approach  can  be  nearly  as  satisfactory  as  the  best 
analog  circuits.  Because  the  algorithm  is  realized  in  a  digital  processor 
which  interfaces  to  the  receiver  intermediate  frequency,  algorithm  improve¬ 
ment  or  change  is  easily  accomplished  by  changing  read-only  memory 
devices. 

The  configuration  selected  for  the  receiver/adaptive  processor/ 
antenna  array  is  one  of  separate  rather  than  combined  units.  This  approach 
has  the  advantage  of  allowing  the  radio  to  be  used  without  the  adaptive  pro¬ 
cessor  for  those  applications  not  requiring  null  steering  AJ.  Furthermore, 
the  design  facilitates  a  highly  redundant  weighting  and  combining  structure, 
permitting  continued  system  operation  on  the  higher  priority  services  even 
though  one  or  more  adaptive  processors  may  fail.  Additionally,  this  ap¬ 
proach  allows  allocation  of  adaptive  resources  where  needed;  e.g.,  two 
separate  adaptive  processors  can  be  used  to  optimally  process  L^  and  L^  fre¬ 
quencies  for  GPS.  Alternatively,  all  of  the  adaptive  processors  could  be 
used  independently  to  facilitate  JTIDS  acquisition. 

Because  of  extensively  shared  circuits  in  the  hybrid  analog-digital 
processor  approach,  it  is  observed  that  close  cooperation  between  the  adap¬ 
tive  processor  and  the  receiver  designers  is  essential.  Importantly,  from 
a  reliability  standpoint,  use  of  shared  circuits  does  not  reduce  reliability. 
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If  failure  of  the  shared  circuits  occurs,  this  failure  would  result  in  func¬ 
tion  failure  regardless  of  whether  the  circuits  were  shared  or  not. 

4.4.2  Required  Additional  Development 

In  order  to  maximally  benefit  from  the  selected  hybrid  analog-digital 
processor  and  shared  multiuse  arrays,  it  is  necessary  that  additional  hard¬ 
ware  be  developed  and  additional  analysis  efforts  be  instituted.  These 
items  are  follows: 

•  Low  loss  RF  weight  (broadband) 

•  Wideband  JTIDS/GPS  element 

•  Antenna  array  element  placement  technology 

•  Algorithms  -  detailed  design  and  interfaces. 

In  summary,  the  wideband  JTIDS/GPS  element  is  required  in  order  to 
reduce  the  installation  cost  of  the  antennas  on  a  given  vehicle.  Develop¬ 
ment  of  a  high  quality  broadband  RF  weight  reduces  or  eliminates  the  need 
for  low  noise  RF  amplifiers  in  each  of  the  antenna  inputs.  This  develop¬ 
ment  would  not  only  reduce  cost  but  would  also  improve  algorithm  performance. 
The  antenna  array  element  placement  technology  would  use  adaptive  algorithm 
performance  estimation  programs,  in  conjunction  with  an  electromagnetic 
analysis  technique  such  as  the  geometric  theory  of  diffraction,  to 
determine  best  sites  or  locations  for  the  antenna  elements.  This  is  most 
important  for  the  SEEK  TALK  and  SINCGARS  elements  and,  to  a  lesser  extent, 
for  the  JTIDS  elements  which  are  not  common  to  the  GPS/JTIDS  array  (auxil¬ 
iary  elements).  Finally,  detailed  algorithm  design  and  specification  of 
interfaces  at  the  hardware  level  among  the  adaptive  processors  and  the 
radio  circuits  is  required.  This  effort  will  require  that  radio  bandwidths 
consistent  with  the  adaptive  processor  needs  be  selected  and  that  such  func¬ 
tions  as  automatic  gain  control  can  be  properly  communicated  to  the  adap¬ 
tive  processor  facilitating  algorithm  stability. 
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5.  RF/IF  SUBSYSTEMS  AND  COMPONENTS 

The  MFBARS  baseline  system  utilizes  extensively  advanced  technologies; 
The  status  of  these  technologies  will  greatly  influence  the  viability  of 
of  the  MFBARS.  Historically,  RF/IF  subsystems  and  components  generally 
dominate  the  cost  and  performance  of  most  avonic  systems.  Extensive 
studies  were  made  during  Phase  II  to  assess  the  availability  of  the  RF/IF 
subsystem's  and  components  required  for  an  operational  MFBARS  in  the  late 
1980's.  These  studies  further  accentuated  the  key  RF/LSI  subsystem/ 
components  for  baseline  design  as  follows: 

•  Amplifiers  -  L-Band  low-Noise  Amplifier 

-  L-Band  Power  Amplifiers 

-  HF,  VHF  and  UHF  Power  Amplifiers 

•  RF  LSI  circuits 

•  Frequency  synthesizers  and  frequency  sources 

•  SAW  devices 

The  results  of  these  studies  are  presented  in  subsections  5.1  through  5.4. 

The  low-noise  preamplifier  (LNA)  is  one  of  the  more  critical  compo¬ 
nents  in  a  receiver  and  generally  sets  the  noise  figure  and  input  dynamic 
range  of  the  receiver.  The  requirements  for  the  preamplifiers  operating 
in  the  HF/VHF/UHF  frequency  range  is  relatively  mild.  A  cursory  study  rf 
these  amplifiers  indicates  no  difficulty  in  meeting  the  requirements  nown 
in  Table  5-1  with  current  technology.  The  requirements  for  the  L-Band 
low-noise  amplifier  (LNA)  are  more  difficult  to  meet.  A  low-noise  amplifier 
study  was  concentrated  on  the  L-band  LNA.  The  results  of  this  study  pre¬ 
sented  in  Paragraph  5.1.1.,  indicates  that,  with  nominal  amount  of  addi¬ 
tional  effort,  the  required  L-Band  LNA  can  be  developed. 

Power  amplifiers  for  the  MFBARS  application  also  require  two  separate 
units  in  order  to  cover  the  two  separate  bands,  an  L-Band  power  amplifier 
and  a  HF/VHF/UHF  power  amplifier.  The  :echnology  forecast  and  evaluation 
of  L-Band  and  HF/VHF/UHF  power  amplifiers  for  the  MFBARS  application  are  des¬ 
cribed  in  Paragraphs  5.1.2  and  5.1.3,  respectively.  As  shown  in  Figure  5-1, 
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Table  5-1.  HF,  VHF,  and  UHF  Receiver  Performance 
Requirements 


Frequency  Band  parameter 

HF 

VHF 

UHF 

Tuning  range  (MHz) 

2.0-30.0 

30.0-172.0 

225.0-400.0 

Tuning  increment  (kHz)  min 

0.100 

25 

25 

Noise  figure  (dB)  max 

15 

15 

15 

Modulation/demod 

AM,  SSB, 

AM,  NBFM, 

AM,  FM,  FSK, 

FSK 

FSK 

PSK,  AM-diphase 

Receiving  bandwidths  at 

3  to  6 

24  to  40 

40  to  80 

3  dB  (kHz) 

Shape  factor 

2:1 

2:1 

2:1 

(3  dB/60  dB)  max 

Image  and  IF  rejection 

80 

80 

80 

in  dB  (min) 

IM  distortion 

>60  dB  down  from  two  to 
input 

nes  at  -5  dBm  at  the 

Cross  modulation 

Undesired 

signal  10%  removed  in  frequency. 

and  at  +10 
modulation 

dBm  must  produce  <30%  cross 

Receiver  input  protection 
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Figure  5-1.  Power  Amplifier  Technologies  Overview 


the  study  looked  into  a  large  number  of  candidate  power  amplifiers  and  initially 
identified  that  FET  and  bipolar  transistor  amplifiers  are  the  most  suitable 
candidates  for  HF/VHF/UHF  applications,  and  that  electron  bombardment  semi¬ 
conductors  (EBS),  bipolar  transistors,  and  TWT  amplifiers  are  best  for  the 
L-Band.  The  final  recommendation  was  FET  and  EBS  amplifiers. 

The  most  important  components  in  the  TRW  system's  MFBAR  architecture 
is  the  RF  LSI  circuit.  The  RF  LSI  is  a  TRW  term  for  silicon  bipolar  tran¬ 
sistor  monolithic  analog  integrated  circuits.  It  is,  in  effect,  a  high¬ 
speed  bipolar  IC  process  of  using  oxide  aligned  transistor  (OAT)  RF /IF 
circuits.  The  key  RF  LSI  circuits  for  the  MFBARS  have  been  identified  and 
are  described  in  subsection  5.2.  Another  crucial  RF/ I F  subsystem  is  the 
frequency  synthesizer;  TRW  baseline  systems  require  only  two  designs  to 
cover  the  entire  frequency  bands  of  interest.  Other  important  RF/IF  sub¬ 
systems  include  frequency  sources  and  saw  filters.  Studies  and  results  for 
the  frequency  synthesizer/sources  and  saw  filters  are  presented  in  subsec¬ 
tions  5.3  and  5.4,  respectively. 

5.1  AMPLIFIERS 

5.1.1  L-BAND  LOW  NOISE  AMPLIFIER 

The  MrBARS  baseline  architecture  calls  for  a  single  L-Band  low  noise 
amplifier  (LNA)  to  cover  the  entire  L-Band  (960  to  1575  MHz)  functions 
of  interest  (JTIDS,  TACAN,  IFF  and  GPS).  Because  of  technology  limitations, 
past  system  designs  were  based  on  using  two  separate  LNAs,  one  to  cover  the 
960  to  1215  MHz  bandwidth  for  JTIDS  and  TACAN  operations,  the  other  cover¬ 
ing  GPS  operations  at  the  specific  frequencies  of  1227.6  and  1575  MHz. 

This  approach  was  originally  proposed  by  TRW  and  carried  on  through  Phase  I 
studies.  Recent  advancements  in  L-Band  low  noise  amplifier  devices  and 
designs  at  TRW  indicate  that  a  single  LNA  design  will  cover  the  entire  de¬ 
sired  L-Band  frequency  range  with  lower  noise  figure  and  remain  capable  of 
serving  all  functional  requirements.  Table  5-2  compares  the  performance 
of  the  new  TRW  LNA  and  the  old  design  approaches. 

The  new  TRW  LNA  design  is  clearly  superior  in  that  it  has  a  lower  noise 
figure  (1.8  dB  vs.  3.0  dB)  and  requires  only  one  design  to  cover  the  entire 
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frequency  band.  Additionally,  experimental  work  at  TRW  indicates  that  a 
high  reliability,  single  LNA  design  is  achievable  by  1982.  Although  the 
design  is  still  in  developmental  stages,  it  will  be  ready  for  production 
well  within  the  time  frame  of  the  MFBARS  schedule  requirements. 

The  TRW  LNA  is  a  discrete  amplifier  design  using  HPT  1 01  FETs  as  the 
basic  stage.  Devices  from  several  other  manufacturers  have  also  been 
evaluated.  The  basic  configuration  is  shown  in  Figure  5-2.  Preliminary 
laboratory  measured  results  presented  in  Figure  5-3  indicate  performance 
exceeding  MFBARS  requirements.  The  measured  results  indicate  that  the 
TRW  amplifier  design  will'  have: 

•  Noise  figure  less  than  1.5  dB 

•  VSWR  less  than  1.5:1 

•  Frequency  bandwidth  up  to  one  octave 

•  IP3  exceeds  +25  dBM 
5.1.2  L-Band  Power  Amplifier 

The  L-Band  Power  Amplifier  is  required  for  JTIDS,  TACAN  ar.j  IFF  appli¬ 
cations.  The  requirements  for  this  power  amplifier  are  summarized  in 
Table  5-3,  and  are  based  on  matching  the  greatest  number  of  service  per¬ 
formance  requirements  of  the  current  equipment.  The  power  amplifier  is  a 
key  element  in  the  Joint  Tactical  Information  Distribution  System  (JTIDS) 
because  it  has  a  significant  impact  on  system  size,  cost,  power  consump¬ 
tion,  and  overall  performance  capabilities.  At  present,  power  amplifiers 
are  being  developed  using  bipolar  transistors.  Due  to  inherent  thermal 
limitiations,  transistors  in  this  frequency  range  are  capable  of  only  low 
power  or  low  power  gain  at  high  duty  cycles.  Therefore,  transistor  ampli¬ 
fiers  are  large,  inefficient,  complex,  and  expensive  since  the  power  out¬ 
puts  of  many  devices  must  be  combined  in  order  to  meet  the  high  power, 
high  duty  cycle  requirements  of  JTIDS.  A  transistor  amplifier  having  less 
capability  was  proposed  in  Phase  I  and  is  described  in  subsection  5.1.2  1. 
However,  recent  advancements  in  Electron  Bombardment  Semiconductor  (EBS) 
devices  indicate  that  they  have  the  potential  to  achieve  system  design 
goals,  and  study  results  are  presented  in  subsection  5. 1.2.2. 
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L-Band  Preamplifier  Design  Uses  Basic 
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Figure  5-3.  Low  Noise  Amplifier  (LNA)  Measured  Performance 


Table  5-3.  L-Band  Transmitter  Requirements  for  MFBARS 


Pin 

Info  Bandwidth 

Power  (Pk)  Lew 
High 

Flatness 

IM  at  1  dB  compression  point 

Duty  Cycle  Long  Term 

Short  Term  (5.7  mSEC) 

Efficiency  (incl.  Converter) 

Prime  Power 


0  dBm 

960  -  1215  MHz 

500W 

1000W 

<^1  dB 

<35  dBd 

1%  to  20% 

>55% 

>35% 

115  vac 

<1785W  (pk.  low  power) 


Output  Mode  (Class  II  JTIDS) 

Low  Power,  1/2  Pg  to  each  antenna  output 
High  Power,  1/2  Pg  to  each  antenna  output 

TACAN/IFF,  full  PQ  to  either  antenna 

RF  impedance  (in/out)  50fl,  <  1.5:1 

Moudlation  input  impedance 

Vol ume 


50ft,  <  1.5:1 
<500  IN  3 


5. 1.2.1  100-Watt  Power  Amplifier 

One  possible  design  for  the  L-Band  power  amplifier  is  a  100-watt  tran¬ 
sistor  amplifier.  This  design  was  considered  in  Phase  I  of  the  MFBARS 
studies.  It  is  designed  to  produce  at  least  100  watts  of  CW  power  at  L- 
Band  with  a  solid  state  design.  It  is  suited  for  JTIDS  application  in 
fighter  class  terminals,  but  can  also  be  used  for  TACAN  applications. 
Performance  would  be  degraded  relative  to  current  equipment  because  of  the 
peak  power  level  (200  watts). 
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A  block  diagram  of  the  power  amplifier  circuit  is  shown  in  Figure  5-4. 
The  circuit  consists  of  a  4-stage  preamplifier  and  4  final  power  amplifier 
stages.  In  the  final  power  amplifier  stage,  two  40-watt  transistor  ampli¬ 
fiers  are  first  combined  to  produce  a  75-watt  amplifier.  Two  75-watt 
amplifiers  are  combined  to  produce  a  100-watt  power  output.  The  40-watt 
amplifiers  are  driven  and  combined  using  six  L-Band  hybrid  couplers.  When 
operated  at  a  low  duty  factor  (less  than  5  percent),  these  amplifiers  are 
capable  of  producing  a  peak  power  output  of  200  watts.  The  overall  dc  to 
RF  efficiency  of  the  100-watt  amplifier  is  approximately  24  percent. 
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Figure  5-4.  Power  Amplifier 


The  transistor  amplifier  technology  can  be  further  extended  to  improve 
the  output  power  capability.  A  preliminary  design  is  shown  in  Figure  5-5. 
However,  this  design  is  deemed  to  be  less  efficient  than  that  using  the 
electron  bombardment  semiconductor  amplifier  which  is  described  in  the 
following  section. 
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Figure  5-5.  Full -Power  Solid-State  L-Band  Power  AMP 


A  microwave  integrated  circuit  design  for  the  transistor  amplifier, 
minimizes  size,  weight,  and  manufacturing  cost.  The  amplifier  circuits 
will  be  fabricated  on  alumina  substrates.  All  circuit  elements,  such  as 
chip  capacitors  and  resistors,  will  be  reflow  soldered  to  the  substrates. 

A  stripline  approach  is  proposed  in  the  3  dB  coupler  design  and  achieves 
substantial  size  reductions  compared  with  the  standard  microstrip  Wilkinson 
coupler.  A  combination  of  stripline  and  microstrip  circuitry  will  be 
utilized  to  best  satisfy  system  and  packaging  requi rements. 

Because  of  high  duty  cycles,  the  basic  design  of  the  pulse  amplifier 
is  similar  to  the  conventional  CW  power  amplifier  design.  In  the  final 
design,  it  should  be  noted  that  the  power  transistors  must  be  matched  for 
power  gain  to  obtain  good  load  sharing.  The  main  advantage  of  the  power 
combining  technique  shown  in  Figure  5-5  is  good  reliability.  This  method 
takes  advantage  of  the  isolating  properties  of  hybrid  couplers.  The  10  mW 
input  signal  is  amplified  to  38  W  and  fed  into  a  hybrid  power  divider.  The 
output  power  from  the  hybrid  is  split  equally  and  fed  into  two  separate 
amplifiers,  each  containing  two  amplifiers  in  parallel.  The  75  watt  out¬ 
put  signals  from  the  separate  amplifiers  are  recombined  to  produce  138 
watts  to  the  isolator.  Because  of  the  isolating  properties  of  the  hybrid 
coupler,  a  failure  of  one  amplifier  reduces  the  total  power  output  but  does 
not  cause  failure  of  the  overall  amplifier  stage. 

For  TACAN  application,  the  output  pulse  of  the  amplifier  is  required 
to  have  a  Gaussian  response  shape.  To  achieve  this,  it  is  necessary  to 
connect  a  pulse-forming  network  section  in  cascade  with  the  power  ampli¬ 
fier.  This  corrects  the  phase  or  time  delay  characteristics  of  the  ampli¬ 
fier  chain  over  the  specified  bandwidth  with  the  lowest  possible  error. 

An  all-pass  filter  is  usually  used  in  the  design  of  the  pulse-forming  net¬ 
work,  adjusting  the  overall  time  delay  of  the  amplifier.  The  all-pass 
filter  consists  of  a  multisection  LC  lattice  network  with  zero  attenuation 
and  a  controllable  phase  characteristic.  The  original  amplifier  circuit 
has  a  phase  characteristic  in  the  frequency  region  of  interest  that  gives 
rise  to  phase  or  delay  distortion.  By  adding  the  phase  response  of  the 
all-pass  filter  to  the  amplifier  circuit,  a  new  phase  characteristic  is 


achieved  which  produces  minimum  phase  distortion  in  the  jgion  of  interest. 
The  addition  of  the  all -pass  filter  does,  of  course,  inc  ?ase  the  total 
signal  delay.  In  the  proposed  application,  however,  thi  is  not  important. 

5. 1.2.2.  Electron  Bombardment  Semiconductor 

An  alternate  to  transistors  is  a  relatively  new  con  )nent,  the  electron 
bombardment  semiconductor  ( EBS )  which  has  been  under  dev  opment  for  the 
past  ten  years,  principally  by  Watkins  Johnson  (WO).  Th  material  presented 
in  this  section  is  based  on  the  work  of  WJ.  The  EBS  has  tl  ready  demonstrated 
CW  output  power  capabilities  four  to  five  times  greater  lan  state-of-the-art 
transistors  and  power  gains  (in  dB)  that  are  also  four  t  five  times  as 
great.  In  most  applications,  one  EBS  can  replace  betwee  10  and  15  trans¬ 
istors,  including  the  individual  matching,  bias  circuit*  ,  power  combiners, 
and  circulators  required  by  the  transistors.  The  result  ig  EBS  amplifier 
is  potentially  less  expensive,  samller,  more  efficient,  id  can  provide 
superior  electrical  performance.  Unlike  the  bipolar  tre  ;istor,  the  opera¬ 
tion  of  the  EBS  is  dependent  on  the  fact  that  an  energet  :  electron  strik¬ 
ing  a  reverse  biased  silicon  diode  produces  thousands  of  idditional  mobile 
electrons  through  impact  ionization  of  the  silicon.  As  lown  in  the 
Figure  5-6,  the  silicon  diode  is  fabricated  with  a  thin  jnction  and  con¬ 
tact  layer  so  that  the  incident  electrons  can  penetrate  )  the  high-field 
regions  in  the  depleted  junction  with  minimum  loss  of  er  -gy.  The  result¬ 
ing  current  gain  is  linear,  since  the  output  current  is  'oportional  to  the 
incident  electron  current.  A  large  power  gain  results  w  :n  an  external 
resistive  load  is  connected  to  the  diode. 

A  simple  grid-modulated  EBS  RF  amplifier  consisting  >f  a  cathode,  grid, 
semiconductor  diode  and  input/cutput  circuitry  can  be  de  gned  (Figure  5-7). 
An  input  signal  applied  between  the  grid  and  cathode  mod  ates  the  electron 
beam  which  then  strikes  the  semiconductor  diode.  The  el  .tron  beam  can  be 
controlled  with  a  low  level  RF  signal  by  using  a  fine  me  i  grid  located 
close  to  the  cathode.  The  cathode  bias  supply  is  chosen  o  that  if  no 
input  signal  is  applied,  no  electron  beam  current  flows.  Thus,  the  output 
power  can  be  modulated  solely  by  the  input  RF  signal.  0  put  matching, 
typically  a  section  of  microstrip  transmission  line,  is  eluded  to  elec¬ 
trically  match  the  semiconductor  diode  at  the  desired  op  ating  frequencies. 
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Figure  5-6.  Electron  Bombardment  Semiconductor  (EBS) 


Figure  5-7.  Grid  (Density)  Modulated  EBS  Amplifier 
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This  EBS  configuration  results  in  a  small  and  rugged  design  capable 
of  high  power  and  high  gain.  For  example,  over  a  1500-watt  peak  output 
(1  percent  duty)  has  been  achieved  at  1  GHz  with  a  gain  of  over  25  dB. 

In  addition,  this  type  of  EBS  is  very  simple  to  use  as  a  power  amplifier 
since  only  four  dc  power  supplies  are  required  and  output  modulation  can 
be  achieved  by  modulating  the  low  level  input  RF  pulse.  Approximately 
90  percent  of  the  total  power  consumption  for  the  500-watt  peak,  50  percent 
duty  EBS  will  be  from  the  80  volt,  6  amps  diode  bias  supply.  The  electron 
beam  operates  at  a  relatively  low  power  level,  since  the  electron  beam  is 
used  only  for  control  of  the  much  greater  diode  current.  For  example,  in 

the  proposed  amplifier,  the  beam  supply  will  be  required  to  deliver  4-5  mA. 
Similarly,  the  8  volt  grid  bias  supply  will  operate  at  only  5-6  mA.  The 
heater  supply  can  operate  either  ac  or  dc  at  approximately  1.0  A.  The 
required  power  supplies  can  be  both  compact  and  efficient.  Since  the  over¬ 
all  efficiency  of  the  EBS  will  be  higher  than  present  transistor  ampli¬ 
fiers,  the  power  supplies  for  the  EBS  are  required  to  provide  less  power 
and,  thus,  are  significantly  smaller  despite  the  need  for  the  low  current 
12  kV  supply.  The  EBS,  when  integrated  with  these  supplies,  and  other 
support  circuitry  results  in  a  compact,  efficient,  reliable  amplifier. 

Current  EBS  develooment  particularly  coincides  with  that  of  the  MFBARS 
Program.  Extensive  efforts  have  oeen  concentrated  in  developing  EBS  ampli¬ 
fiers  for  JTIDS  and  TACA  applications.  Development  of  an  EBS  amplifier 
module  for  theJTIDS  Class  II  terminal  is  currently  underway  with  three 
government-funded  programs  and  an  IR&D  program.  The  basic  program  goals 
for  the  three  Government  programs  are  shown  in  the  Table  5-4.  The  RADC 
program  has  a  goal  of  500  watt  peak  at  20  percent  duty,  with  a  gain  of  23 
dB  and  an  overall  efficiency  of  40  percent. 

The  N0SC  No.  1  program  continues  the  development  of  the  JTIDS  EBS  amp¬ 
lifier  by  increasing  the  duty  cycle  capability  from  20  percent  to  50  per¬ 
cent  required  for  the  JTIDS  system.  The  N0SC  No.  2  program  will  develop  a 
complete  amplifier  module  around  the  EBS  device  developed  during  the  N0SC 
No.  1  program.  The  IR&D  program  is  developing  new  diode  and  device  tech¬ 
nologies  which  will  significantly  improve  EBS  amplifier  capability  for  JTIDS. 
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Table  5-4.  Basic  Program  Goals 


RAD C  Program  Goals 

(Contract  F30S02-78-C-0247) 

Frequency 

960  to  1215  MHz 

Peak  Power 

500  W,  +1,  -0  dB 

Duty  Cycle 

20  percent 

Gain 

23  dB 

Pulse  Width 

6.4  ysec 

Efficiency 

40  percent 

NOSC  No.  1  Program  Goals 

(Contract  N66001-78-C-0295  WJC) 

Frequency 

960  to  1215  MHz 

Peak  Power 

500  W,  +1,  -OdB 

Duty  Cycle 

50  percent 

Gain 

23  dB 

Pulse  Width 

6.4  ysec 

Efficiency 

40  percent 

NOSC  No.  2  Program  Goals 

To  develop  an  EBS  amplifier  module  with  the 

RF  performance  characteristics  of  the  NOSC 

No.  1  program,  including  input  RF  isolation 
transformer,  input  RF  circuitry,  EBS  device, 
output  RF  and  bias  circuitry,  and  forced-air 

cooled  heatsink. 

As  indicated  above,  the  programs  are  proceeding  on  or  ahead  of  schedule. 
The  end  result  will  be  an  EBS  amplifier  module  with  characteristics  ideally 
suited  for  the  JTIDS  Class  II  terminal.  These  characteristics  will  include 
500  watt  peak  output  at  50  percent  duty  cycle,  23  dB  gain,  and  40  percent 
overall  efficiency. 
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Following  is  a  summary  of  key  milestones  demonstrated  with  develop¬ 
mental  EBS  amplifiers: 

•  Demonstration  of  Bandwidth.  The  devices  tested  have  consistently 
demonstrated  greater  bandwidth  than  required,  with<l  dB  of  ripple 
across  the  band. 

•  500  watt  peak  out  at  20  percent  duty.  A  single  diode  pair  driv¬ 
ing  a  single  output  has  demonstrated  500  watt  peak  output  at  20 
percent  duty.  This  forms  the  basic  building  block;  higher  powers 
and  duty  cycles  are  achieved  by  combining  diode  pairs. 

•  JTIOS/TACAN  Pulse  Shaping.  Two  techniques  have  been  demonstrated 
for  achieving  the  JTIDS  or  TACAN  pulse  shape.  The  first  technique 
utilizes  shaping  of  the  input  RF  with  a  pin  diode.  The  second 
technique  applies  a  shaped  video  pulse  to  the  cathode  of  the  EBS 
which  shapes  the  output  pulse. 

•  Demonstration  of  Gain.  The  devices  tested  have  consistently  demon¬ 
strated  gains  in  excess  of  20  dB. 

•  Demonstration  of  Low/Hi qh  Power  TDMA  and  TACAN.  The  requirements 
of  the  Class  II  terminal  are  to  be  able  to  operate  in  two  modes: 

(1)  low  or  high  power  TDMA,  with  half  power  transmitted  to  each 
antenna;  and  (2)  TACAN,  with  full  power  delivered  to  either 
antenna.  The  EBS  device  has  demonstrated  a  unique  solution  to  the 
problem  with  a  two-output  device,  with  each  output  designed  to 
drive  one  antenna.  Each  diode  pair  has  demonstrated  the  capa¬ 
bility  of  outputting  125  or  250  watt  for  the  TDMA  mode  (in  phase) 
or  independently  outputting  500  watt  from  one  output. 

•  Demonstration  of  Efficiency.  The  devices  tested  have  consistently 
demonstrated  target  efficiencies  of  45  to  50  percent  with  overall 
efficiencies  in  the  30  percent  range.  (Work  on  the  N0SC  No.  1 
contract  will  increase  overall  efficiency  to  40  percent). 

A  Demonstration  of  Long  Pulse  Capability.  To  simulate  the  long 
pulse  burst  required  for  TDMA,  5  msec  RF  pulses  were  run  through 
the  EBS  device.  There  was  no  drop  over  the  pulse  length  (except 
drop  associated  with  bias  voltage). 

The  advantages  of  the  EBS  amplifier  as  compared  to  alternative  ampli¬ 
fiers  were  studied  and  presented  in  Table  5-5.  A  possible  design  for  the 
MFBAR  application  is  shown  in  Figure  5-8. 
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Disadvantages  Advantages 

of  EBS 


Table  5-5.  Comparison  of  EBS,  Transistor 
and  TWT  Amplifier  for  L-Band 
Appl ication 


EBS  vs. 

Solid  State 

EBS  vs. 

TWT 

•  Large  Target  Device 

•  Simpler  Beam  Tube  Structure 

Short  Beam,  Easy  Stability 

•  Low  Beam  Current 

(10  mA/CM?  vs.  2A/CM2) 

•  Higher  Dynamic  Range 

•  Cooler  Cathode 

•  Easy  Pulse  Shaping 

•  Easy  Pulse  Shaping 

•  Reliability 

•  Reliability 

•  High  Gain-  Fewer  Devices 

•  Producibility 

•  Less  Complex  Power  Supply 

•  Less  Complex  Power  Supply 

•  Contact  Punch-Thru 

•  Non-Linearity 

•  Thin  Junction 

Defects,  Surface  Charge 

•  On/Off  Power  Ratios 

•  On/Off  Power  Ratios 

POWr.R  0  dBm 

*10  dBm 

*31  dBm 

♦33  dBm 

G.3  H 

-OB  dBm 
630  W 

GAIN  <dB>  *21 

-1  *12 

♦7 

♦20 

-.5 

•57.5  dBm 
WO  W 


rwn  pwr  no.  i 


Figure  5-8.  L-Band  EBS  Power  AMP  Module 


In  summary,  the  EBS  amplifier  appears  to  be  the  best  choice  for  the 
MFBARS  program  and  should  be  fully  developed  in  time  to  achieve  an 
advanced  MFBARS  development  model  by  1985.  Additionally,  the  EBS  technol¬ 
ogy  can  make  significant  contributions  to  the  MFBARS  performance  objec¬ 
tives  as  fellows: 

•  Reduce  size/volume  and  weight 

-  Prime  RF  circuits 

-  Power  supply 

•  Universal  application  for  all  L-Band  CNI  operations  JTIDS/TACAN/ 
IFF 

0  Lower  LCC  through  producibi li ty  and  reliability 

EBS  demonstrated  performance  is  summarized  as  follows: 

0  Bandwidth  (1  dB)  Greater  than 

960  to  1215  MHz 

•  Power  (PK)/Puty  Cycle  500  W  @  20% 

•  Gain  >20  dB 

•  Dynamic  Range  Low/High  Power 

-  TOMA 

-  TACAN/IFF 

t  Efficiency 

-  Target  45  -  50% 

-  Overall  30  -  40% 

•  Pulse  Shaping/Linearity  TACAN  and  JTIDS 

-  Pin  Diode  Shares  Rr 
Input 

-  Shaped  Video  Cathode 
Pulse 

0  Long  Pulse  Capability  5  mSEC 

0  Reliability  CW  200K  Hrs  Test,  No  Failures 

(MTTF  87K  Hrs  @  90%  Ccnf.) 

Pulse  86K  Hrs  Test,  No  Failures 

(MTTF  38 K  Hrs  @  90%  Conf. ) 
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5.1.3  HF/VHF/UHF  Power  Amplifier 

The  baseline  architecture  shows  that  a  single  power  amplifier  covers 
the  entire  HF/VHF/UHF  (2  to  500  MHz)  range.  The  power  requirements  for 
the  various  services  are  tabulated  as  follows: 


DESCRIPTION 

FREQUENCY 

(MHz) 

RF  POWER 

HF  { V0ICEGUARD) 

2-20 

400W 

VHF  FM  (V0ICEGUARD) 

30-88 

123W  SELECTABLE 

VHF  AM  ( VOICEGl'ARD) 

108-156 

40W 

UHF  RADIO  (V0ICEGUARD) 

225-400 

10W 

SEE  TALK  (VOICE  COM) 

225-400 

30W  AS 

10W  AM 

Implementation  of  such  a  power  amplifier  presently  does  not  exist.  How¬ 
ever,  it  is  believed  to  be  within  the  state-of-the-art.  To  perform  such 
a  development  was  considered  to  be  too  much  of  a  detail  at  this  stage  of 
the  MFBARS  Program.  However,  a  cursory  study  of  power  amplifier  designs 
indicates  that  the  requirements  can  be  readily  met  by  using  two  power 
amplifiers,  one  to  cover  the  HF  (2  to  30  MHz)  range  and  the  other  VHF/UHF 
(30  to  400  MHz).  Current  balanced  bipolar  transistor  devices  have  the 
capability  to  fullfill  the  demand  for  such  power  amplifiers.  In  the 
future,  field  effect  Transistors  (FET)  will  improve  the  efficiency  and 
durability  of  the  power  amplifier. 

Typical  power  amplifier  designs  for  VHF/UHF  and  HF  applications  are 
shown  in  the  block  diagrams  in  Figures  5-9  and  5-10.  As  indicated  by 
distribution  and  power  levels,  they  are  realizeable  with  existing  bipolar 
transistors.  It  is  well  known  that  field-effect  transistors  have  the 
following  inherent  advantages  over  the  bipolar  transistor: 

t  Ease  of  processing 

t  Better  DC  stabi 1 i ty 

•  More  Ruggedness 

•  Lower  noise 

•  Better  linearity 

•  High  efficiency 


I'M n  II  nlw  '12. S  iiIIm  >25.5  dAm  *35.5  dAm  >'lr>.5  dIIm 

3.6  H  36.6  M 

GAIN  (nil)  <12.6  *12  *10  *10 


Figure  5-9.  30-400  MHz  VHF/UHF  Transmitter  for  MFBARS 


1  A  5  A 

CD3527  CD3740 


G  =  17dB  G  =  17dB 

nc  =  30*  (A)  nc  »  60*  (AB) 

67%  (C) 

1M  =  38-40dB  1M  »  33dB 


Figure  5-10.  Transistors  for  HF 
Power  Ampl i fier 
(2  to  30  MHz) 


However,  present  FETs  lack  sufficient  bandwidth  and  power  requiring 
further  development.  The  currently  available  FET  transistor  performance 
is  shown  in  Figure  5-11.  Necessary  improvements  to  meet  the  MFBARS 
objectives  could  be  achieved  in  the  next  5  years  as  a  natural  evolution 
of  the  semiconductor  industry  if  the  demand  is  identified. 


TYPICAL  POWER  OUT  VS.  POWER  IN  AT  175  MHZ 
CLASS  AB  IQ -40  mA 


Figure  5-11.  Available  Performance  for  VHF  FETs  (CTC  BF100-35) 


5.2  RF  LSI  TECHNOLOGY  FOR  MFBARS 

5.2.1  Introduction 

While  the  MFBARS  concept  offers  significant  system  simplification  in 
all  applications  (GPS,  IFF,  JTIDS,  etc.)  because  of  shared  rather  than 
dedicated  hardware,  it  is  nevertheless  a  very  complex  system.  If  MFBARS 
is  to  be  implemented  within  the  size  constraints  of  any  but  the  largest 
aircraft,  it  is  obvious  that  conventional  hardware  techniques  must  be 
modified.  TRW's  RF  LSI  technology,  in  combination  with  hybrid  thin  film 
technology  (MIC),  offers  size  reductions  over  conventional  circuit  tech¬ 
nology  by  factors  of  10  to  100.  These  size  reductions  are  usually  accom¬ 
panied  by  DC  power  reduction  and  performance  improvements.  This  section, 
after  a  brief  introduction  to  the  RF  LSI  technology,  describes  potential 
RF  LSI  implementations  of  the  major  MFBARS  subsystems  and  indicates  the 
current  circuit  development  status. 

5.2.2  RF  LSI  Background 

RF  LSI  is  TRW's  acronym  for  silicon  bipolar  transistor  monolithic 
analog  integrated  circuits.  It  is,  in  effect,  a  high-speed  bipolar  IC 
processing  technology  applied  to  analog  circuits.  In  1971  TRW  began  to 
develop  an  oxide  aligned  transistor  (OAT)  process  with  the  initial  aim  of 
providing  a  monolithic  implementation  technique  for  high-speed  digital 
circuits.  This  development  effort  has  been  very  successful,  leading  to  a 
family  of  digital  ICs  which  clearly  represent  the  state-of-the-art.  Recent 
developments  include  a  400  megasample,  5-bit  analog-to-digital  converter, 
a  frequency  synthesizer  programmer  (in  essence,  a  variable  modulus  divider) 
which  operates  to  1500  MHz,  and  a  large  assortment  of  high-speed  digital 
multipl iers. 

Late  in  1974,  it  was  recognized  that  the  OAT  process  had  significant 
potential  for  analog  circuit  applications.  The  process  offers  transistors 
with  a  5  GHz  cut-off  frequency,  thin  film  resistors,  metal-oxide-metal 
capacitors,  and  monolithic  flat  spiral  inductors.  An  internally  funded 
development  effort  was  initiated,  culminating  late  in  1975  in  a  Costas 
loop  BPSK  demodulator  which  operates  at  a  500  MHz  carrier  frequency  and  a 
one  megabit  data  rate.  With  the  exception  of  the  loop  filter's  operational 


amplifier,  the  Costas  demodulator  is  entirely  contained  on  a  70  x  115-mil 
silicon  chip.  The  Costas  loop  contains  about  175  active  devices,  requires 
0.85  watts  power,  and  has  a  measured  bit  error  performance  rate  of  0.8  dB 
from  theoretical. 

Since  the  initial  development  effort,  several  additional  RF  LSI  chips 
have  been  developed  and  are  described  briefly  below: 

•  1000  MHz  BPSK  Costas  loop  Demodulator.  Similar  to  the  500  MHz 
version,  with  the  VC0  frequency  raised  to  1000  MHz  and  the  data 
rate  increased  to  10  Mbps.  Both  Costas  loop  chips  are  shown  in 
Figure  5-12. 

•  500  MHz  Phase  Logic  Demodulator.  A  new  type  of  BPSK  demodulator 
utilizing  an  injection  locked  rather  than  phase  locked  oscillator. 
This  design,  a  TRW  innovation,  has  the  advantage  of  fast 
acquisition 

•  Building  Block  Circuits.  A  chip  development  containing  a  variety 
of  building  block  circuits  intended  to  be  generic  test  cases  suit¬ 
able  for  a  wide  variety  of  applications.  The  building  blocks 
include  RF  and  IF  amplifiers,  VCOs,  analog  multipliers,  operational 
amplifiers,  several  versions  of  each  circuit  were  fabricated  to 
cover  the  10-1800  MHz  frequency  range. 

•  L-Band  Receiver.  A  chip  development  incorporating  several  circuits 
to  form  a  superheterodyne  receiver.  The  receiver  consists  of  a 
preamplifier  (1200  to  1400  MHz),  a  mixer,  a  local  oscillator,  IF 
amplifier  (gain  controlled),  and  a  BPSK  demodulator.  A  block 
diagram  of  this  chip  is  shown  in  Figure  5-13. 

•  GPS  Receiver  Front  End.  This  chip  consists  of  a  preamplifier 
(1575  MHz),  a  mixer  which  simultaneously  downconverts  the  received 
signal  to  143  MHz  and  despreads  it  with  a  punctual  code,  and  an  IF 
amplifier.  A  parallel  path  after  the  preamplifier  downconverts  to 
143  MHz  and  multiplies  the  signal  by  an  early/late  version  of  the 
PN  code  is  also  included.  The  chip  is  in  early  check-out  stages 
and  has,  thus  far,  functioned  in  a  generally  correct  fashion 
(although  signal  processing  gain  has  been  lower  than  anticipated 
on  the  first  two  chips  tested).  Figure  5-14  shows  a  schematic 

of  this  chip,  and  Figure  5-15  is  a  photograph  of  the  chip. 

•  Signal  Detection  Chip.  This  chip,  intended  for  use  in  a  channel¬ 
ized  receiver,  will  provide  (through  a  preamplifier,  detector,  and 
a  bank  of  integrators  and  comparators)  a  preliminary  measurement  of 
radar  pulse  frequency,  amplitude  and  pulsewidth.  Key  chip  features 
include  a  70  dB  dynamic  range,  an  AGC  loop  with  less  than  5  nsec 
response  time,  and  a  500  MHz  input  bandwidth.  This  chip,  in  an 
early  test  phase,  seems  to  be  functioning  correctly.  The  schematic 
and  photo  of  this  chip  are  shown  in  Figure  5-16. 
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Figure  5-12.  500  MHz  and  1000  MHz  Costas  Loop  Demodulators 


AGC 


5-14.  GPS  Receiver  Front  End  Schematic 


GPS  Receiver  Fron 


CHAN 


Figure  5-16.  Signal  Detection  Chip  Schematic  and  Photo 


In  addition  to  the  above  chips,  seven  new  chips  are  under  development, 
including  a  high-speed  log  amp,  an  instantaneous  frequency  measurer  (IFM), 
three  frequency  synthesizers,  and  a  frequency  converter  chip. 

5.2.3  RF  LSI  Implementations  for  MFBARS 

Preliminary  designs  have  been  developed  for  most  of  the  MFBARS  hard¬ 
ware.  Virtually  all  of  the  RF  circuitry  in  MFBARS,  except  for  low  noise 
and  power  amplifiers,  can  be  implemented  in  RF  LSI.  A  total  of  eight 
different  chip  types  can  be  utilized  in  the  system.  Table  5-6  summarizes 
the  types  of  chips,  the  number  of  chips  required,  and  the  chip  system 
appl ications. 


Table  5-6.  MFBARS  RF  LSI  Utilization 


Ch  i  p 

No.  Per 
System 

Appl i cat ion 

SP4T  Switch 

20 

4PST  Switch 

20 

IF  Switch  Assembly 

IF  Correlator/ 

Demodulator 

5 

GPS 

GPS  Frequency 

Synthesizer 

1 

GPS 

RF  Amplifier/ 
Downconverter 

5 

GPS,  JTIDS,  TACAN/IFF 

HF/VHF/UHF  Frequency 
Converter/Amp 

4 

UHF/VHF/SINCARS,  SATCOM 
SEEK  TALK/HF  Radio 

Quadrature  Modulator 

2 

All  but  GPS 

General  Purpose 

Frequency  Synthesizer 

11 

All  but  GPS  and  JTIDS 

Total  Chips 


68 


5.2.4  Switches 


5.2.4. 1  SP4T  and  4PST  Switches 

The  switch  matrix  is  composed  of  a  collection  or  tree  of  single  pole 
four  throw  (SP4T)  and  four  pole  single  throw  (4PST)  switches.  The  SP4T 
switch  consists  of  four  emitter  followers  (connected  at  their  bases)  with 
each  emitter  functioning  as  a  separate  output.  The  4PST  switch  also  con¬ 
sists  of  four  emitter  followers,  but  with  separate  base  inputs  and 
connected  emitters.  Switching  is  accomplished  by  gating  the  collector  cur¬ 
rents  on  and  off.  The  remaining  circuitry  is  bias  and  decoding  circuitry 
to  interpret  the  digital  control  commands. 

5.2. 4. 2  IF  Correlator/Demodulator 

This  chip  is  specifically  designed  for  GPS  to  despread  the  received 
signal  (and  spread  any  jamming  signal),  removing  any  doppler  shift,  down¬ 
converting  to  baseband,  and  providing  quadrature  versions  of  the  baseband 
data  signals.  The  TRW  baseline  design  as  shown  in  Section  2  employs  four 
IF  correlator/demodulator  channels  for  fast  acquisition.  It  is  feasible 
to  incorporate  from  two  to  all  four  channels  into  a  single  LSI  chip.  A 
preliminary  schematic  of  these  functions  for  a  single  channel  is  shown 
in  Figure  5-17.  A  tandem  correlator  approach  is  employed.  The  received 
signal  is  first  multiplied  by  the  modulo  2  sum  of  the  P  and  C/A  codes, 
and  then  by  either  the  P  code  or  the  C/A  code.  The  second  multiplication 
is  by  the  P  code  if  the  C/A  code  is  being  received,  and  by  the  C/A  code 
if  the  P  code  is  being  received.  If  this  correlation  is  executed  in  a 
single  step,  the  mixer  must  perform  the  multiplication  process  with  60  dB 
of  carrier  suppression.  The  tandem  approach  involves  less  risk,  and  thus 
is  higher  yield,  in  that  each  mixer  need  only  achieve  approximately  35  dB 
carrier  suppression. 

The  IF  input  signal  36  f  +  A  (f  =  5.115  MHz,  A  =  the  doppler  shift) 
is  first  mixed  with  a  local  oscillator  signal  at  29-1/2  f  +  A.  This 
oscillator  signal  is  modulated  by  the  mod  2  sum  of  the  P  and  C/A  codes 
(Figure  5-17).  The  mod  2  sum  is  developed  in  a  simple  on-chip  exclusive/ 
or  circuit.  The  doppler  shift  term  is  derived  from  a  Costas  loop,  with 
the  IQ  multipliers  and  part  of  the  VCXO  on-chip  and  the  remaining  circuitry 
external.  After  the  first  mixer,  the  signal  is  at  6-1/2  f  and  is  modu- 
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lated  by  the  P  code  (if  the  signal  was  originally  modulated  by  the  C/A 
code)  or  the  C/A  (if  the  signal  was  originally  modulated  by  the  P  code). 
This  code  is  removed  and  the  signal  downconverted  to  1.5  fQ  in  the  second 
mixer.  At  the  mixer  output,  despreading  is  completed  and  the  SNR  gain  is 
realized  by  bandlimiting  in  an  off-chip  2  kHz  bandwidth  bandpass  filter. 
The  final  conversion  to  quadrature  versions  of  the  baseband  signals  is 
accomplished  in  the  last  pair  of  mixers.  The  quadrature  1-1/2  f0  local 
oscillator  signals  are  derived  from  the  divide-by-4  output  of  the  6  f0 
synthesizer  input. 


FROM  DOWNCONVERTER 
CHIP 


AGO 


FROM  SYNTHESIZER  CHIP 
115  MHz 


FROM  SYNTHESIZER  CHIP  FROM  SYNTHESIZER  CHIP 

25.575  MHz  30.7  MHz 


Figure  5-17.  IF  Correlator/Demodulator  Chip 
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5. 2.4. 3  GPS  Frequency  Synthesizer 


The  frequency  synthesizer  chip  provides  reference  signals  to  two  GPS 
chips  and  portions  of  the  GPS  receiver.  The  reference  signals  are  phase 
coherent  to  the  5.115  MHz  (f  )  receiver  reference  source,  and  are  derived 
from  two  phase  locked  loops  (Figure  5-18).  Four  (of  the  five)  required 
outputs  are  integer  submultiples  of  90  f  ,  and  are  derived  from  a  single 
phase  locked  VCO.  The  remaining  68  f  output  drives  the  D/C  chip  and  has 
a  separate  phase  locked  loop. 


Figure  5-18.  Frequency  Synthesizer  Chip 

The  technical  risks  associated  with  this  chip  do  not  involve  operating 
frequency  (TRW's  first  RF  LSI  chip  was  a  500  MHz  Costas  loop),  but  rather 
uncertainty  regarding  VCO  phase  noise  performance.  Preliminary  calcula¬ 
tions  based  on  minor  modifications  of  a  current  VCO  design  show  that  the 
2°  rms  specification  can  be  easily  satisfied  if  an  off-chip  tuning  varacter 
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is  used.  However,  for  a  production  quantity  of  synthesizer  chips,  such  an 
off-chip  element  would  be  a  significant  cost  factor.  Therefore,  TRW  pro¬ 
poses  a  fully  monolithic  approach  to  these  VCOs,  provided  that  detailed 
design  analysis  indicates  sufficient  phase  noise  specification  margins. 

5. 2. 4. 4  GPS  Downconverter  Chip 

This  chip  amplifies  the  received  signal  at  either  1227  or  1575  MHz, 
selects  one  of  these  signals  and  downconverts  it  to  184  MHz,  and  reduces 
the  input  90  dB  dynamic  range  to  a  15  dB  output  range.  Figure  5-19  shows 
TRW's  preliminary  schematic  for  this  chip.  The  input  amplifier  has  30  dB 
maximum  gain,  45  dB  AGC  range,  and  a  3  dB  bandwidth  around  both  1227  and 
1575  MHz  of  at  least  30  MHz.  The  first  mixer  either  downconverts  the  1575 
MHz  signal  to  1227  MHz  or  passes  through  the  1227  MHz  signal,  depending 


TO  CORRELATOR 
CHIP 


FROM  SYNTHESIZER 
CHIP 


Figure  5-19.  GPS  Downconverter  Chip 
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upon  the  command  given  to  the  SPOT  switch.  The  dc  reference  voltage 
supplied  to  the  first  mixer,  in  the  event  that  the  1227  MHz  signal  is 
selected,  will  be  adjusted  to  compensate  for  any  difference  between  the 
composite  gain  of  the  amplifier/first  mixer  to  the  1575  and  1227  MHz  signals 


The  second  mixer  is  employed  to  downconvert  the  1227  MHz  first  mixer 
output  to  184  MHz.  The  composite  gain  of  the  two  mixers  is  set  at  0  dB 
by  adjustment  of  the  amplitude  of  the  1043  MHz  local  oscillator.  The 
local  oscillator  is  phase  locked  to  the  347.8  MHz  signal  from  the  frequency 
synthesizer  chip  by  means  of  a  simple  frequency  divider  phase  locked  loop 

(PLL).  It  seems  easier  to  use  a  divlde-by-3  in  the  PLL  rather  than  the 
divide-by-6  and  the  divide-by-2  at  the  347.8  MHz  input.  However,  attempt¬ 
ing  an  odd  integer  divider  at  >800  MHz  proves  riskier  than  using  an  even 
integer  divider  which  can  begin  with  a  divide-by-2.  This  even  integer 
divider  has  been  successfully  demonstrated  to  at  least  1500  MHz.  Thus, 
although  somewhat  more  complex,  the  even  integer  approach  to  the  PLL 
results  in  lower  risks  and  higher  yields.  Finally,  the  IF  amplifier  has 
a  35  dB  maximum  gain  with  30  dB  AGO  range. 

5.2.4. 5  HF/VHF/UHF  Frequency  Converter/ Amp! ifier 

This  chip  (Figure  5-20)  converts  any  input  signal  in  the  range  of  2 
to  500  MHz  to  a  70  MHz  output  frequency.  It  consists  of  three  stages, 
and  can  be  configured  to  perform  single,  double,  or  triple  conversion 
and/or  used  as  an  RF/IF  amplifier. 

The  first  stage  has  a  low  noise  wideband  AGO  amplifier  at  the  front 
end  followed  by  a  mixer.  The  second  stage  reverses  this  order,  with  the 
mixer  followed  by  an  AGC  amplifier.  Switches  are  used  to  select  one  of 
two  possible  LO  inputs  for  these  two  stages.  Both  mixer  outputs  are  exter¬ 
nalized  to  allow  for  off-chip  filtering.  The  LO  inputs  can  also  be  dc  and 
can  cause  one  or  both  stages  to  operate  as  wideband  AGC  amplifiers.  The 
I  final  stage  of  the  chip  is  used  to  form  two  quadrature  signals  (I  and  Q) 

j  for  demodulation.  The  quadrature  signals  are  generated  by  mixing  with  the 

LO  signals  which  are  90°  out  of  phase.  The  90°  L0  phase  shift  is  obtained 
internally  to  the  chip  through  a  divide-by-4  circuit.  Thus,  the  last  L0 
input  signal  frequency  must  be  four  times  greater  than  the  desired  frequency 
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5. 2. 4. 6  Quadrature  Modulator 


The  quadrature  modulator  chip  permits  data  to  be  modulated  onto  a  70 
MHz  carrier.  The  circuit  schematic  for  this  chip  is  shown  in  Figure  5-21. 
Beginning  at  the  left,  an  input  frequency  of  280  MHz  is  divided-by-4  to 
provide  quadrature  versions  of  the  70  MHz  signal  to  be  modulated.  I  and  Q 
data  modulation  is  applied  to  analog  multipliers  whose  outputs  are  summed. 
The  resulting  signal  is  either  amplified  for  direct  transmission  at  70  MHz 
or  is  frequency  translated  by  a  third  analog  multiplier  to  the  desired 
transmit  frequency. 


LOCAL 

OSCILLATOR 


Q  DATA 


Figure  5-21.  Quadrature  Linear  Amplitude  Modulator 


5. 2.4.7  General  Purpose  Frequency  Synthesizer 


The  MFBARS  system  includes  11  subsystems  in  which  a  fixed  frequency 
source  is  required.  Each  of  these  subsystems  requires  a  different  frequency, 
but  all  are  coherent  with  the  system  reference.  Therefore,  each  can  be 
implemented  as  a  divider-type  phase  locked  oscillator,  with  the  divide  ratio 
hard-wired  as  appropriate  for  each  application. 
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5.3  FREQUENCY  SOURCES 

The  frequency  source  contains  three  major  elements:  a  stable,  low 
noise  crystal  reference  oscillator;  a  fixed  frequency  generator  with 
eleven  coherently  derived  outputs  from  the  crystal  reference;  and  eleven 
programmable  frequency  synthesizers.  A  block  diagram  of  this  frequency 
generation  hardware  is  shown  in  Figure  5-22. 

The  frequency  standard  for  the  MFBARS  system  is  the  reference  oscil¬ 
lator  operating  at  5.115  MHz.  All  frequency  source  outputs  are  coherent 
with  this  reference.  The  requirements  for  this  oscillator  are  contained 
in  Table  5-7.  Commercially  available  oscillators  developed  for  GPS  pro¬ 
grams  (such  as  the  FE-2099A)  are  planned  for  MFBARS  use.  Current  work  in 
the  frequency  control  community  on  reduction  of  g-force  effects  for  GPS 
weapons  delivery/avionics  should  be  applicable  to  MFBARS  by  the  time  it 
reaches  the  qualification  test  phase. 

The  fixed  frequency  generator  provides  eleven  output  frequencies 
phase-locked  to  the  5.115  MHz  reference  oscillator.  Table  5-8  shows  the 
required  frequencies  and  other  performance  requirements;  spurious  require¬ 
ments  vary  depending  on  usage.  Power  level  requirements  are  consistent 
with  deriving  RF  LSI  frequency  conversion  chips  and  account  for  n-way 
divisions. 

The  programmable  frequency  synthesizers  provide  agile  tuning  local 
oscillators  for  the  multimode  front  end/exciter  circuits.  The  synthesizer 
requirements  are  shown  in  Table  5-9.  To  be  compatible  with  TACAN,  the 
six  L-Band  synthesizers  cover  the  JTIDS/TACAN/IFF  range  in  1  MHz  steps 
(with  a  70  MHz  IF  offset).  Five  microsecond  settling  permits  all  of  the 
synthesizers  to  operate  in  the  JTIDS  fast  hop  mode  or  for  shared  JTIDS- 
acquisition/TACAN-operation.  The  UHF/VHF  synthesizers  cover  the  225  to 
400  MHz  UHF  range  in  5  KHz  steps  with  a  70  MHz  IF  offset.  Using  fixed 
sources  to  up-convert  to  UHF,  HF  and  VHF  are  handled  with  the  same  L0. 
Settling,  at  200  usee,  is  compatible  with  UHF  and  VHF  hopping  signal  sets. 

The  application  RF  LSI  to  put  a  phase-locked  loop  into  monolithic  chips 
is  the  design  approach  selected  for  implementing  both  the  fixed  sources  and 
the  programmable  frequency  synthesizers.  The  bulk  of  the  loops  will  be 
implemented  using  a  general  purpose  two-chip  set  (Figure  5-23).  For  the 
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5-22.  MFBARS  Frequency  Sources 


Table  5-7.  Reference  Oscillator  Requirements 


FREQUENCY 

REQUIRED 
(5.115  MHZ) 

FE-2099A 
(5.115  MHZ) 

STABILITY  (SQUARE  ROOT  OF  ALLEN  VARIANCE) 

MEASUREMENT  INTERVAL 

>1000S 

10'7 

100 

io-10 

10 

10-9 

1.4  X  10'12 

5 

6.7  X  10_1° 

1.4  X  10‘12 

1 

2.5  X  10"11 

1.6  X  IO-12 

0.5 

6.7  X  10"9 

2.0  X  10"12 

0.1 

6.7X10-10 

4.9  X  10'12 

0.063 

4.0  X  10'10 

6.5  X  IO"12 

0.010 

2.5  X  10‘9 

3.3  X  IO'12 

WARM-UP 

TBD 

2  X  20"®  5  MIN 

AGING 

TBD 

2  x  lO'^/DAY 

njjToi  it  or\««'cq 

TDn 

+3  DBM 

WEIGHT 

TBD 

8  0Z 

SIZE 

TBD 

3.2  X  1.6  X  1.6  IN. 

Table  5-8.  Fixed  Source  Requirements 


LOOP 

X73 

X68 

X36  +  70 

X24 

1  X19.5 

X7 

X  1357 
2000 

x  2000 
1023 

FREQUENCY  (MHZI 

730 

347.82 

254.14 

240 

195 

70 

67.85 

10 

SPURIOUS  (DBC) 

-60 

-60 

-60 

-80 

-80 

-80 

-80 

-90 

POWER  (OBMI 

+3 

+3 

! 

+3  1 

+  17  j 

+14  j 

+  17 

+3 

+  14 

Table  5-9.  Programmable  Frequency  Synthesizer 
Requirements 


PARAMETER 

L-BAND 

UHF/VHF 

FREQUENCY 

1030  TO  1285  MHZ 

295  TO  470  MHZ 

STEP  SIZE 

1  MHZ 

5  KHZ 

SETTLING  TIME 

5  mSEC 

200  mSEC 

SETTLING  ERROR 

12  KHZ 

5  OEG 

SPURIOUS 

-60  DBC 

-60  DBC 

X90  and  X68  loops  supplying  GPS  frequencies,  a  unique  two-chip  set  is 
envisioned  (Figure  5-24). 

The  general  purpose  two-chip  set  consists  of  a  digital  chip  and  an 
analog/RF  chip.  The  digital  chip  is  an  existing  high-speed  bipolar  LSI 
device  designed  and  built  with  company  funding  and  currently  used  on 
several  high  reliability  programs.  The  device,  designated  FSP-1,  is 
illustrated  in  Figure  5-25,  along  with  some  key  performance  features. 

Figure  5-26  shows  a  typical  operating  curve  for  the  750  MHz  feedback 
divided-by-N  counter.  The  FSP-1  phase  detector/frequency  discriminator  is 
a  dual  R-S  flip-flop  type  with  a  sawtooth  phase  error  function  as  shown  in 
Figure  5-27.  The  external  delay  line  seen  in  Figure  5-23  is  used  to 
generate  a  pulse  (OS)  to  slightly  offset  the  phase  detector  and  avoid 
nonlinearities.  The  OS  pulse  permits  pulse  cancellation  to  achieve  low 
sample  rate  spur  leakage,  allowing  wider  loop  bandwidths  and  faster  set¬ 
tling  without  sacrificing  spur  performance. 

The  analog/RF  chip  (Figure  5-28),  presently  designated  the  FSA-1,  is 
currently  under  development  for  the  Naval  Air  Development  Center  (NADC) . 

It  contains  analog  and  RF  circuits  for  multipurpose  use  in  C  NI  systems 
such  as  TIES  and  MFBARS.  The  digital  phase  detector  signals  from  the  FSP-1 
are  converted  to  analog  phase  error  signals  in  the  phase  detector  interface 
circuit.  An  external  filter  capacitor  is  used  to  reduce  phase  detector 
spur  leakage.  The  filtered  phase  error  signal  is  processed  by  a  gain 
normal izer  which  compensates  the  loop  gain  changes  for  the  six  most  signif¬ 
icant  bits  of  the  feedback  divider.  This  normalized  phase  error  signal  is 
processed  by  an  active  integral  plus  proportional  type  loop  filter.  The 
filter's  passive  components  are  external  for  maximum  flexibility.  An  ini¬ 
tializing  capability  is  provided  for  centering  the  fine  tune  signal  during 
fast  acquisition  (when  coarse  tuning  the  VCO  with  the  on-chip  digitaT-to- 
analog  converter).  Since  varactor  tuned  VCOs  often  require  a  high  tuning 
voltage,  the  VCO  interface  circuit  is  off-chip  (two  transistors).  For  low- 
voltage  applications  (narrow  tuning),  an  on-chip  VCO  interface  is  also 
provided  to  combine  coarse  and  fine  tuning  signals. 

The  RF  section  of  the  FSA-1  chip  contains  three  voltage  controlled 
oscillator  circuits  which  cover  the  10  to  2000  MHz  range.  For  flexibility 
and  low  noise  (high  Q)  performance,  the  oscillators  are  designed  for  off- 
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-24.  GPS  Frequency  Source  Chip  Set 
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Figure  5-26.  FSP-1  Counter  Input  Sensitivity 
vs  Frequency  (Typical) 
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Figure  5-27.  Phase/Frequency  Detector 
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chip  tuning.  The  low  band  oscillator  is  a  feedback  type  suitable  for  use 
with  L-C,  bulk  crystal,  or  SAW  resonators.  The  SAW  application  would 
require  an  added  amplifier  stage  (possible  on-chip  if  space  permits). 

The  high  band  oscillators  are  negative  impedance  types  optimized  for  the 
bands  of  operation.  The  oscillators  are  switched  and  buffered  to  provide 
adequate  output  power  and  load/spur  isolation.  A  portion  of  the  V CO 
signal  drives  a  downconverter  mixer  (active  balanced  modulator)  which  is 
dc  biased  for  applications  not  requiring  conversion.  The  mixer  output  is 
fed  out  for  filtering,  and  processed  by  an  amplifier/limiter  to  drive  the 
feedback  divider.  Power  supply  voltage  regulation  for  the  VCOs  will  also 
be  provided. 

The  chip  specification  goals  are  given  in  Table  5-10.  The  FSP/FSA 
combination  will  be  capable  of  a  vast  variety  of  frequency  synthesis 
appl ications.  The  chip  set  capability  goals  are  shown  in  Table  5-11. 

All  MFBARS  sources  except  the  GPS  reference  loops  fall  within  the  realm 
of  this  chip  set.  Due  to  the  large  set  of  GPS  applications  (other  than 
MFBARS),  the  GPS  loops  are  excluded  and  a  specially  tailored,  separate 
chip  set  development  is  anticipated. 

The  FSP/FSA  chip  set  can  be  used  and  packaged  in  various  ways  to 
form  single  and  multiloop  synthesizers.  One  approach  suited  to  single¬ 
loop  applications  such  as  frequency  operation  can  be  seen  in  the  module 
described  below.  It  is  one  of  two  approaches  to  be  developed  under  the 
NADC  contract  to  demonstrate  the  FSP/FSA  chip  set.  The  second  approach, 
a  JTIDS  synthesizer,  is  also  described  below. 

The  single  loop  application  is  to  be  demonstrated  for  the  TIES  system 
which  uses  a  frequency  division  multiplex  (FDM)  bus  synthesizer  to  connect 
the  mission  RF  front-end  hardware  to  the  digital  signal  processing  frequency 
conversion  subsystem.  There  are  typically  ten  such  synthesizers  whose  per¬ 
formance  requirements  for  the  synthesizer  are  given  in  Table  4-12.  The 
single  loop  configuration  is  illustrated  in  Figure  5-29. 


Design  details  determined  the  predicted  size  and  power  dissipation  for 
this  configuration.  The  first  of  the  two  LSI  chips  forming  the  synthesizer 
core,  the  FSP-1,  contains  the  logic  functions  (divided-by-M,  divided-by-N, 
and  phase  detector)  of  the  loop.  This  chip  has  been  successfully  applied 


Table  5-10.  Minispecification  for  FSA  Chip  (Preliminary) 


Phase  detector  interface 

Gain 

3/2t  vclts/radian  (il%) 

Gain  normal izer 

Word  size 

6  bits 

Coding 

Binary 

Maintains 

Constant  =  K^/N  +0.2  dB 

(not  included  truncation  error) 

Loop  filter  of  amp 

Input  offset  voltage 

10  mV  maximum 

Input  resistance 

0.5  megohms  minimum 

Large  signal  voltage  gain 

25  V/m V  minimum 

Output  swing 

6  Vp_p  minimum 

Output  resistance 

50  ohmx  maximum 

Unity  gain  (open  loop) 

12  MHz  minimum 

Loop  filter  initialize 

Loop  filter  output  error 

0.1  V  maximum 

Delay  time 

100  nsec  maximum 

Coarse  tune  D/A 

Current  range 

20  mA  maximum 

Coding 

Binary 

Word  size 

6  bits 

Accut  ^cy 

+1/2  LSB 

VCO 

Frequency 

10  MHz  to  2000  MHz 

Bandwidth 

Up  to  octave 

Power 

+10  dBm  minimum 

Downconverter 

Offset  frequency 

10  MHz  to  2000  MHz 

Power 

+3  ±2  dBm 

IF  output 

10  MHz  to  1500  MHz 

Power 

+3  ±2  dBm 
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Parameter 


Output  frequency 

10  to  2000  MHz 

Bandwidth 

Up  to  octave 

Step  size* 

1000  Hz  at  20  MHz 

Settling  time** 

5  usee  to  100  msec 

Settling  error 

12  kHz 

Spurs 

-80  dBc 

Noise** 

5  degrees 

Power 

+11  ±2  dBm 

Offset  frequency 

10  to  2000  MHz 

Power 

-10  ±3  dBm 

Reference  frequency 

5  to  250  MHz 

Power 

+2  ±3  dBm 

DC  power 

2.5  W 

Parts 

25  discretes 

★ 

Multiple  loop  configurations  can  provide  steps 
as  small  as  0.1  Hz  or  lower. 

Depends  on  step  size  of  individual  loop. 

Table  5-12.  TIES  FDM  Bus  Synthesizer  Requirements 


Parameter 


Requi rement 


Frequency 
Bandwidth 
Step  Size 
Sett! ing  Time 
Spurious 

Short-Term  Stability 
Long-Term  Stability 
External  Programming 


300  to  500  MHz 
200  MHz 
1  MHz 

200  ps  max  to  within  +5  degrees 
-80  dB  -  carrier  max  over  tuning  band 
1  degree  rms  max  over  22  msec  interval 
Phase-locked  to  external  10  MHz  signal 
Internal  latch,  TTL  commands 


r 


OUTPUT 
300  TO  500  MHZ 
B  -  200  MHZ 
^  -  1  MHZ 
T$  -  0.2  MS 


•  REPRESENTATIVE  OF  FIXED 
FREQUENCY  GENERATOR 
LOOP  COMPLEXITY 


Figure  5-29.  TIES  FDM  Bus  Synthesizer 

to  over  seven  synthesizer  designs  and  has  been  tested  extensively.  It  is 
currently  in  limited  production  for  several  on-going  programs.  One  of  the 
chip's  key  features  is  its  versatility.  Another  is  the  large  range  of 
divider  moduli  at  high  input  frequencies.  For  applications  which  require 
minimum  power,  metal  mask  and  resistor  value  changes  can  eliminate  unneeded 
functions  and  tailor  speed  vs  power  performance.  The  resulting  power  level 
for  a  tailored  mask  option  is  566  mW.  Without  mask  changes,  but  with 
increased  resistance  values,  the  power  would  be  700  mW. 


The  analog/RF  functions  are  performed  by  the  FSA-1  chip.  The  chip 
block  diagram  is  shown  in  Figure  5-28.  Again,  chip  power  dissipation 
depends  on  resistance  values  and  metal  mask  circuit  deletions  or  supply 
wiring  (if  extra  Vcc  pins  are  used).  For  the  FDM  bus  synthesizer,  only 
the  phase  detector  interface,  loop  filter,  and  VCO/buffer  circuits  are 
required.  This  combination  consumes  about  350  mW. 

The  latch  functions  are  performed  using  54LS377  and  54LS74  chips. 
These  provide  10  latch  bits/108  mW.  Thus,  the  total  power  required  for 
this  application  is: 

FSP-1  (  )  566  mW 

FSA-1  (  )  350  mW 

Latches  108  mW 

1024  mW  a*  1.0  watt 


Considering  the  wide  tuning  bandwidth  and  high  frequencies  generated,  this 
is  a  very  low  power  level. 


Miniaturization  is  another  key  goal  in  applying  the  FSP/FSA  chip  set. 
The  ultimate  production  configuration  can  be  developed  by  examining  the 
required  circuits.  The  digital  circuits  are  shown  in  Figure  5-30.  The 
FSP-1  requires  bypass  capacitors  for  Vcc,  internal  references  (CVR1),  and 
the  internal  50-ohm  input  terminations  (CREF  and  CSYN).  Use  of  a  hybrid 
packaging  technique  to  combine  the  latch  MSI/SSI  and  the  capacitors  with 
the  FSP-1  is  cost  effective  and  reduces  external  discretes  to  a  minimum. 
This  package  will  be  1.1  x  0.9  x  0.2  inches  and  will  dissipate  674  mW. 


f 


The  analog/RF  circuits  are  shown  in  Figure  5-31.  The  FSA-1  chip 
requires  power  supply  bypass  capacitors,  series  coupling  capacitors  for 
the  signal  output,  a  voltage  reference  source  bypass  (REF),  an  oscillator 
regulator  bypass  (D),  and  a  lock  detector  filter  (LOCK  FILT).  In  addition, 
the  loop  filter  components,  spur  filter,  and  VCO  tank  components  are  off- 
chip.  These  components,  which  vary  according  to  application,  are  shown 
in  a  separate  hybrid  package.  This  separation  keeps  the  parts  count  per 
hybrid  low  and  improves  application  flexibility.  The  FSA  chips  package 
is  0.8  x  0.95  x  0.2  inch  and  dissipates  350  mW.  The  external  hybrid 
(Figure  5-32)  is  0.5  x  0.8  x  0.2  inch  and  dissipates  negligible  power. 

This  small,  single  loop  synthesizer  module  (Figure  5-33)  is  representative 
of  the  simple  loops  used  in  the  frequency  generator. 


+  12V  -12V 


Figure  5-31.  Analog  Hybrid  and  Filter/Tank  Hybrid 
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HYBRID  CONTAINS 

1  DIODE 

2  INDUCTORS 
4  RESISTORS 

3  CAPACITORS 

10  DISCRETES 


Figure  5-32.  TIES  UHF  Bus  Synthesizer  Card  Schematic 


Figure  5-33.  TIES  FDM  Bus  Synthesizer 


The  JTIDS  MFBARS  synthesizers  will  be  nearly  identical  to  the  synthe¬ 
sizer  to  be  developed  for  NADC  (due  August  1981).  The  requirements  for 
this  application  are  given  on  Table  5-13. 


Table  5-13.  JTIDS  Fast  Hop  Synthesizer  Requirements 


Parameter 

Requi rement 

Frequency 

1030  to  1285  MHz  (70  MHz  IF  assumed) 

Bandwidth 

255  MHz 

Step  Size 

1  MHz  (TACAN/DME  Compatible) 

Settling  Time 

5  ys  to  within  12  KHz 

Spurious 

-60  dB:  carrier 

Short  Term  Stability 

— - 

Long  Term  Stability 

Phase  locked  to  external  10  MHz  signal 

External  Programming 

Internal  latch,  TTL  commands 

These  requirements  can  be  met  using  the  configuration  shown  in 
Figure  5-34.  A  vernier  architecture  is  employed  to  provide  fast  settling 
with  narrow  step  sizes;  fine  steps  are  achieved  by  stepping  two  loops 
together.  The  net  step  size  is  the  difference  between  the  two  individual 
loop  sizes.  A  third  loop  is  used  to  generate  an  offset  signal  to  the 
lower  loop,  and  for  division  to  obtain  the  vernier  step  size  frequencies. 

A  command  decoder  provides  the  vernier  tuning,  giving  external  8-bit 
binary  tuning  command. 

In  this  application,  the  FSP/FSA  chip  set  is  used  for  each  loop  as  in 
the  UHF  bus  synthesizer.  For  the  fast  settling  loops,  however,  the 
required  analog  V CO  control  circuits  are  more  complex  due  to  the  faster 
settling  requirement.  In  addition,  the  L-Band  VCO  frequency  requires  the 
tank  circuit  be  adjacent  to  the  FSA  chip  to  minimize  parasitic  effects. 

The  analog/RF  functions  are  performed  with  a  single,  larger  hybrid. 
The  schematic  for  this  L-Band  RF/analog  section  is  shown  in  Figure  5-35. 
This  hybrid  package  requires  1.1  x  1.2  x  0.2  inches  and  dissipates  1.0 
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Figure  5-35.  High  Performance  Analog/RF  Section 
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watt.  In  this  application  the  fast  settling  loops  require  a  higher  feed¬ 
back  divider  frequency  (650  MHz).  Thus,  the  dc  power  requirement  is 
slightly  higher  (650  mW). 

The  command  logic  hybrid  contains  the  vernier  decode  logic,  the  ini¬ 
tialize  timing  logic,  and  a  command  latch.  The  decode  logic  is  power-gated 
to  reduce  consumption.  The  timing  logic  controls  this  gating  and  latch 
loading  and  generates  the  initialized  pulses.  This  circuit  uses  off-the- 
shelf  components  and  requires  500  mW.  It  is  included  in  a  0.9  x  1.1  x 
0.150-inch  hybrid. 

The  reference  loop  is  similar  to  the  bus  synthesizer,  except  that 
the  VC0  frequency  is  fixed  and  slightly  lower.  In  addition,  the  external 
tank  and  filter  components  are  packaged  with  the  FSA  chip  in  a  1.1  x  1.2  x 
o!2-inch  hybrid  which  dissipates  350  mW. 

Thus,  the  power  budget  for  the  JTIDS  hopper  is  as  follows: 

Reference  Generator 


Digital 

566  mW 

Analog 

350  mW 

916  mW 

Vernier  Loop  1 

Digital 

650  mW 

Analog 

1000  mW 

1650  mW 

Vernier  Loop  2 

Digital 

650  mW 

Analog 

1000  mW 

1650  mW 

Command  Logic 

500  mW 

500  mW 

4716  mW 

The  overall  schematic  diagram  is  shown  in  Figure  5-36. 

The  seven  hybrids  and  two  filters  are  packaged  on  a  single  4  x  5-inch 
multilayer  printed  circuit  board  as  shown  in  Figure  5-37.  Occupying  just 
12  cubic  inches  and  dissipating  under  5  watts,  this  synthesizer  is  a 
dramatic  advance  compared  to  currently  available  units. 


-175- 


12  cubic  inches 
4.7  watts 

Figure  5-37.  JTIDS  Frequency  Hop  Synthesizer 

For  MFBARS,  a  240-MHz  reference  signal  will  be  used,  permitting  the 
240-MHz  loop  components  to  be  deleted  from  the  module.  The  resulting  dc 
power  is  thus  under  4  watts  per  loop. 

The  UHF  MFBARS  synthesizers  will  employ  the  FSP/FSA  chip  set  and 
share  versions  of  the  hybrids  discussed  above.  The  UHF  synthesizer 
requirements  are  shown  in  Table  5-14. 

The  configuration  block  diagram  is  shown  in  Figure  5-38.  The  5-kHz 
step  size  and  200  ysec  settling  combination  cannot  be  met  in  a  single 
loop  design.  Therefore,  a  divide  and  mix  approach  is  used  with  one  loop 
selecting  350  500-kHz  steps  and  another  selecting  100  500-kHz  coarse  steps 
(divided  by  100  to  obtain  fine  5-kHz  steps).  The  divided  fine  step  signal 
is  added  to  the  coarse  steps  in  a  summing  loop.  The  sum  loop  VC0  is  slaved 
to  the  coarse  step  loop  to  prevent  the  sum  loop  feedback  from  exceeding 
desired  limits.  The  size  of  this  synthesizer  will  be  similar  to  the  JTIDS 
synthesizer,  approximately  4.5  watts  and  10  cubic  inches. 
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Table  5-14.  UHF  Synthesizer  Requirements 


Output 

Frequency 

295.000  to  470.000  MHz 

Step  Sizer 

5  kHz 

Number  of  Steps 

35,000  (16  bits) 

Power 

-10  dBm 

Settling  Time 

200  usee  to  +  2  degrees 

Spurious 

-60  dBc  maximum 

Short-Term  Stability 

0.5  Hz  or  2.38°  in  22  ysec  period 
over  960  to  2.5  kHz;  5°  max 
integrated  10  Hz  to  10  MHz 

Reference  Input  No.  1 

Frequency 

10  MHz 

Power 

+0  dBm 

Reference  Input  No.  2 

Frequency 

240  MHz 

Power 

-10  dBm 

Command  Input 

Word  Sizer 

17  bits  (16  freq. ,  1  initiate)  » 

Format 

Parallel,  Binary 

Level 

TTL 

Figure  5-38.  UHF  Synthesizer 


6.  MATRIX  SIGNAL  PROCESSOR 


6.1  INTRODUCTION 

The  MFBARS  digital  signal  processing  is  basically  a  high-performance 
progranmable  modulator-demodulator  (modem).  The  modem  processing  includes 
all  baseband  data/message  processing.  The  flexible  processor  organization 
is  partitioned  into  preprocessor  modules  and  a  signal  processor.  The 
preprocessor  modules  perform  specialized  high-rate  data  processing  unique 
to  each  waveform  to  be  accomnodated  by  the  MFBARS  terminal.  This  allows 
customization  to  particular,  nonstandardized  data  processing.  The  signal 
processor  is  capable  of  handling  the  modem  and  message  processing, 
including  mode  control  and  avionics  compatible  input/output  (DAIS).  A 
single,  centralized  but  highly  redundant  micro-signal-processor  (MSP) 
can  process  all  algorithms  simultaneously,  thereby  time-sharing  the  same 
hardware  across  all  MFBARS  waveforms.  The  MSP  is  a  combination  of  signal 
processor  and  microprocessor  denoting  micro-programmable  signal  processors. 

The  digital  signal  processing  system  interfaces  are  summarized  in 
Figure  6-1,  with  the  two  major  elements  shown  -  the  preprocessors  and  the 
signal  processor.  The  preliminary  data  rates  tabulated  are  basic  data 
rates  without  message  overhead  or  analog-to-digital  over-sampling  factors. 
The  DAIS  data  bus  interface  is  based  on  voice  communications,  status  data, 
and  navigational  data. 

6.2  SYSTEM  REQUIREMENTS 

The  MFBARS  digital  signal  processing  requirements  are  divided  into 
the  preprocessor  and  signal  processor.  The  MFBARS  waveforms  considered 
include  GPS,  JTID5,  TACAN,  IFF,  and  VHF/UHF/HF. 

6.3  PREPROCESSORS 

The  preprocessors  are,  as  formentioned,  dedicated  to  each  waveform 
and  provides  high-rate  repetitive  signal  processing.  These  include 
analog-to-digital  conversion,  voltage  comparison  for  data  determination, 
and  PN/CLOCK  generation  and  control.  The  preprocessors  standardize 
interfaces  between  the  RF  front-end/despreader  and  the  common  signal 
processor.  The  centralized  signal  processor  requires  computer-oriented 
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fRECEDINGT  PAGE  BLANK-HOT  FILMED 


TOTAL  1H  KBPS  INPUT 
132  KBPS  OUTPUT 


•  PREPROCESSORS  PERFORM  HIGH  RATE  SPEECIALIZED  DIGITAL  PROCESSING 

•  SIGNAL  PROCESSOR  ACCOMMODATES  ALL  WAVEFORM  ALGORITHMS  SIMULTANEOUSLY 

•  DAIS  BUS  INTERCONNECTS  MFBARS  TERMINAL  WITH  OTHER  ON-BOARD  SYSTEMS 

Figure  6-1.  MFBARS  Digital  Signal  Processing  System  Interfaces 

inputs,  including  block  transfers  at  5  to  10  mega-words/second  rate. 

The  block  transfers  at  high  rates  reduce  the  input/output  handling 
overhead.  Another  function  of  the  preprocessors  is  to  reduce  the  total 
data  rate  into  the  signal  processor.  There  are  simple  operations  such  as 
accumulating  8  to  32  data  samples  prior  to  data  synchronization  and 
decoding.  These  operations,  if  done  in  the  signal  processor,  would  use 
a  significant  percentage  of  the  available  programing  versus  a  small 
hardware  addition.  This  would  tend  to  be  a  hardware  selection  in 
the  hardware-software  trade-study. 

Digital  large-scale  integration  (LSI)  technology  can  be  applied  to 
the  preprocessors,  especially  in  the  timing/control  sequencing  and 
decoding,  the  analog-to-digital  conversion,  and  the  PN  generators.  The 
major  advantages  being  the  reduction  in  complexity  with  impact  on 
acquisition  and  life-cycle  costs,  improvement  in  reliability,  and  trend 
towards  functional  standardization. 


1 
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The  functional  details  of  each  preprocessor  are  given  in  Figures  6-2 
through  6-6.  The  GPS  preprocessor  (Figure  6-2)  provides  data  digitizing 
and  rate  buffering  through  sample  accumulation  and  the  P/CA  codes.  The 
control  sequencer  is  driven  by  a  read-only  memory  (actually  PROM)  and 
permits  some  flexibility  in  including  late  changes.  The  JT IDS  preprocessor 
(Figure  6-3)  does  CCSK  data  demodulation,  data  buffering,  and  PN  codes  and 
correlation  clocks.  The  data  demodulation  is  processed  at  a  5  megasymbol 
rate.  The  TACAN  and  IFF  preprocessor  (Figures  6-4  and  6-5)  provide  pulse- 
pair  discrimination  and  time  information.  This  processing  occurs  at  a  10 
to  20  megabit/ second  A  to  D  sampling  rate.  The  VHF/UHF  preprocessor 
(Figure  6-6)  does  I-Q  magnitude  conversion  (vi2  +  Q2),  some  digital  filter¬ 
ing,  and  PN  code  generation.  Additionally,  as  with  all  preprocessors,  it 
has  a  microprogrammable  sequencer  and  the  standard  signal  processor 
interface. 


Figure  6-2.  GPS  Preprocessor 
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Figure  6-3.  JTIDS  Preprocessor 
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Figure  6-4.  TACAN  Preprocessor 
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Figure  6-5.  IFF  Preprocessor 


Figure  6-6.  VHF/UHF  Preprocessor 


6.4  DIGITAL  SIGNAL  PROCESSOR 


The  signal  processor  or  MSP  as  given  earlier,  provides  high-speed 
digital  processing  at  a  low  unit  cost,  especially  when  considering  LSI 
technologies.  Other  advantages  include  flexibility  through  programmability 
and  functional  commonality  across  many  systems  through  time-sharing  the 
same  hardware.  The  MSP  programmabil ity  can  provide  more  performance  capa¬ 
bility  to  counter  improving  communication  threats.  The  use  of  digital 
processing  implementations  allow  a  technology  substitution  capability,  both 
for  future  standard  modules,  emerging  technologies,  and  the  use  of  custom 
LSI.  The  custom  LSI  has  a  trend  of  improving  densities  (up  to  two  orders 
of  magnitude)  while  maintaining  the  same  chip  costs.  The  impact  will  be  to 
lower  acquisition  and  life-cycle  costs. 

Each  waveform  was  analyzed  for  baseband  processing  in  terms  of  what 
is  necessary  to  program  a  standard  processor  such  as  a  microprocessor/ 
microcomputer.  These  are  summarized  in  Figure  6-7  through  6-10  for  GPS, 
JTIDS  and  TACAN/IFF.  The  algorithms  considered  for  processing  in  the 
signal  processor  (MSP)  are  given  as  well  as  the  number  of  operations.  The 
number  of  operations  per  second  are  given  for  instructions  such  as 
multiply,  addition,  comparison,  memory  read  or  write,  memory  address  gener¬ 
ation,  and  input/output.  The  number  of  operations  are  given  as  millions 
of  instructions  per  second  (MIPS)  as  a  basis  for  normalizing  performance. 
Each  algorithm  was  defined  in  terms  of  number  of  operations  to  be  executed 
and  the  amount  of  time  available.  The  latter  is  usually  between  A-to-D 
conversion  samples  or  message  transmissions. 

The  total  signal  processor  programming  algorithm  summary  is  tabulated 
in  Figure  6-11.  Both  GPS  and  JTIDS  dominate  the  processor  loading 
analysis  -  GPS  in  modem  functions  and  JTIDS  for  the  Reed-Solomn  encoder/ 
decoder.  Much  of  the  operations  are  in  memory  manipulations  -  data 
formatting/demultiplexing/buffering.  A  hardware  multiplier  is  required 
due  to  the  large  number  of  execution's  required.  The  miscellaneous 
column  includes  the  executive  routine.  This  is  the  master  controller  for 
all  subroutine  executions,  coordination,  and  priorities.  The  executive 
is  equivalent  to  a  real-time  operating  system.  The  total  processing 
required  is  estimated  to  be  40  mega  instructions  per  second  (MIPS). 
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MIPS 


algorithms 


C/a  AND  P  CODE  ACQUISITION 
FREQUENCY  TRACKING 
CODE  TRACKING 
BIT  SYNC 
DATA  DEMOO 

RANCE/RANGE  RATE  DETERMINATION 
(NAVIGATION  SOLUTIONS) 


SUMMARY 


MULTIPLY 

1.2 

ADD 

2.3 

COMPARE 

1.1 

MEMORY  RD/WR 

0.9 

ADDRESS 

0.9 

I/O 

0.4 

MISCELLANEOUS 

0.9 

TOTAL 

7.7  MIPS 

Figure  6-7.  GPS-Signal  Processor  Algorithm  Requirements 


ALGORITHMS 

REED-SOLOMON  ENCODE/DECODE 
INTERLEAVING /DEINTERLEAVING 
MESSAGE  PROCESSING 
HEADER  DECODE 
TIME  OF  ARRIVAL 
NETWORK  ENTRY  AND  SYNC 
CODE  TRACKING 


MULTIPLY 

2.2 

ADD 

2.2 

COMPARE 

2.6 

MEMORY  RD/WR 

6.5 

ADDRESS 

6.5 

I/O 

0.3 

MISCELLANEOUS 

0.4 

TOTAL  20.7  MIPS 


Figure  6-8.  JTIDS-Signal  Processor  Algorithm  Requirements 
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I/O 
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Figure  6-9.  TACAN-Signal  Processor  Algorithm  Requirements 
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Figure  6-10.  IF-Signal  Processor  Algorithm  Requirements 

-188- 


10 


[ 

v 

\ 


PROCESSOR 


WAVEFORM 

LOADING 

CPS 

7.7 

JTIDS 

20.7 

TACAN 

1.2 

IFF 

O.S 

VHF/UHF/HF 

3.0 

OVERHEAD  {EXEC,  ETC.) 

6.6 

TOTAL 

39.7  MIPS 

Figure  6-11.  Summary:  Signal  Processor  Algorithm  Requirements 


6.5  MATRIX  SIGNAL  PROCESSOR 

The  MFBARS  signal  processor  is  required  to  process  many  algorithms 
simultaneously  and  in  real-time  up  to  40  MIPS.  These  algorithms  include: 

1)  GPS  -  Acquisiton  (Time/Frequency) 

-  Bit  Sync  (C/A  Code) 

-  Code  Tracking 

—  Phase/Frequency  Tracking 

-  Data  Demodulation 

2)  JTIDS  -  Acquisition 

-  Code  Tracking 

-  Data  Demodulation 

-  Error  Correction  Encoding/Decoding 


i 

i 


t 

i 


L  _ 

i  Bill  ■— i 
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3)  TACAN  -  Pulse  Detection 

-  Range  Acquisition/Tracking 
—  Range/Bearing  Computation 

4)  IFF  -  Pulse  Detection 
—  Mode  Decoding 

—  Reply  Generation 

Many  of  these  algorithms  require  a  sum-of-products  computational  capability 
or  a  hardware  multiply-accumulate  function.  Additionally,  fast  test-and- 
branch  decision  making  instructions  are  necessary  for  the  modem  algorithms. 

The  phase  I  study  generated  signal  processor  design  feature  goals  for 
Phase  II.  These  features  include  high  reliability  through  redundancy  and 
automatic  reconfiguration,  compatibility  with  a  higher-order  language 
(HOL)  using  an  interpreter  or  a  complier,  and  flexibility  for  growth  and 
use  with  other  applications  by  functional  modularity,  firmware/ software 
programmability,  and  technology  transparency.  The  latter  relates  to  the 
ease  with  which  new  technologies  and  very  large-scale  integration  (VLSI) 
can  be  integrated  without  major  modifications. 

Minimum  physical  characteristics  achieveable  include  power  dissipation 
of  less  than  50  watts  and  volume  of  less  than  150  cubic  inches.  Implicit 
is  minimum  complexity  and  high  density  integration  generating  lower  life- 
cycle  and  acquisition  costs. 

A  major  signal  processor  architecture  trade  study  investigated  two 
major  alternatives:  a  centralized  processor  approach  and  distributed 
approach.  The  centralized  implementation  uses  a  basic  single  processor 
which  directly  connects  all  RF  front  ends/despreaders/modulators.  For 
further  data  distribution,  the  output  would  be  the  DAIS  Bus.  The  dis¬ 
tributed  processors  dedicate  a  processor  per  waveform  such  as  two  pro¬ 
cessors  -  one  each  for  GPS  and  JTIDS.  Essentially,  each  waveform  is  a 
self-contained  radio.  Interprocessor  communications  are  through  the 
DAIS  Bus. 

The  centralized  processor  requires  a  higher  rate  signal  processor  (25 
to  50  MIPS)  as  opposed  to  the  distributed  lower  rate  processor  (2  to  5 
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MIPS).  The  centralized  processor  can  use  a  multiple-microprocessor  net¬ 
work,  while  the  distributed  processor  can  be  a  single  chip.  In  reality, 
the  single  chip  expands  to  10  to  15,  depending  on  input/output  and  memory 
capacity  requirements.  The  central  processor  can  use  a  fast-data  inter¬ 
change  that  is  efficient  for  array  and  multi-CPU  algorithms,  or  simulta¬ 
neous  multiple-task  processing.  This  is  a  tightly-coupled  multiple 
processor  network.  Higher  through  put  performance  is  possible  as  load¬ 
sharing  —  shifting  CPUs,  as  necessary,  can  be  done  for  optimum  configura¬ 
tions.  The  distributed  processors  are  loosely-coupled  with  low-data  rate 
interchanges.  Inefficiencies  occur  as  the  processors  have  a  higher 
percentage  of  idle  time. 

The  last  major  item  is  redundancy  management.  The  centralized  multi¬ 
ple  processors  allow  m  for  n  redundancy  substitution  —  spare  modules  such 
as  CPUs  or  RAMs  can  be  switched  in  when  failure  is  detected.  This  requires 
a  switch  matrix,  or  equivalent,  and  more  complex  hardware  control.  The 
distributed  processors  require  simple  block  redundancy  or  a  complex  cross¬ 
strapping  (multiple  Buses)  for  interconnections  and  control.  A  preliminary 
reliability  analysis  indicates  that  the  centralized  approach  has  almost 
twice  the  reliability  of  the  distributed  network  with  equivalent  hardware. 

The  phase  II  study  refined  the  centralized  approach  by  reviewing 
interconnection  schemes  for  tightly-coupled  networks.  Figure  6-12 
indicates  the  performance  progression  from  existing  single  chip  micro¬ 
processors  to  the  MFBARS  Matrix  Signal  Processor  (MSP).  A  single  chip  type 
is  capable  of  approximately  2  MIPS,  while  the  pipeline  microprocessor 
developed  under  the  Standard  Avionics  Module  (SAM)  project  is  up  to  30 
MIPS.  An  LSI  module  interconnection  chip  allows  at  least  two  pipeline 
processors  to  be  tightly-coupled,  generating  60  MIPS  capability  in  excess 
of  the  preliminary  MFBARS  signal  processor  requirements. 

The  SAM  pipeline  processor  used  multiple  data  buses  and  a  dual-port 
RAM.  The  goal  was  to  minimize  data  access  conflicts,  which  would  slow 
real-time  processing  (Figure  6-13).  A  hardware  multiply-accumulate 
was  used  in  conjunction  with  the  CPU  through  cross-strapped  buses.  This 
allowed  the  CPU  and  MPU  to  be  casccdable  for  pipeline  operations  such 
as  sum-of-products.  A  separate  address  generator  for  each  memory  was 
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Figure  6-12.  Microprocessor  Technology  and  Architecture  Leverage 
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used  to  unload  the  CPU  for  processing  algorithms  only  -  again  improving 
performance.  The  horizontal  microprogrammed  instructions  can  execute 
up  to  eight-to-ten  instructions  simultaneously,  in  parallel,  for  certain 
algorithms,  thereby  improving  the  basic  instruction  execution  rate  (5  MIPS) 
by  that  factor.  Note  that  inefficiencies  caused  by  program  conflicts  and 
idle  time  could  lower  the  maximum  rates  by  up  to  20  percent. 

Using  the  SAM  pipeline  processors,  two  units  could  meet  the  MFBARS 
requirements  without  redundancy  considerations  (Figure  6-14).  Overlaying 
the  centralized  tightly-coupled  concepts,  the  matrix  signal  processor 
(MSP)  results.  The  matrix  switch,  as  shown  in  Figure  6-15,  is  an  array 
of  switches  not  unlike  cross-bar  or  cross-point  switches  that  allow  direct, 
noninterfering  data  interconnections  between  the  modules  -  CPU,  RAM,  MPU 
and  I/O.  All  resources  can  be  reconfigured  on  an  instruction- by¬ 
instruction  basis,  allowing  load-sharing  and  redundancy  reconfiguration. 


PREPROCESSORS 


PREPROCESSORS 


•  MATRIX  SWITCH  NETWORK  PROVIDES  DIRECT  DATA  INTERCONNECTION 
FOR  ALL  MODULES 

•  MATRIX  SWITCH  NETWORK 

•  INCREASES  AVAILABILITY  BY  TIMESHARING  PROCESSING 

•  MAXIMIZES  FLEXIBILITY  BY  MODULE  TYPE  AND  RESOURCE 
ASSIGNMENT 


Figure  6-14.  Basic  MFBARS  Dual  Signal  Processor  Architecture 
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•  DUAL  INDEPENDENT  SIGNAL  PROCESSORS 

•  EACH  SIGNAL  PROCESSOR  CAPABLE  OF  32  MIPS 

•  ACCOMMODATES  MFBARS  40  MIPS  REQUIREMENT 


Figure  6-15.  Matrix  Signal  Processor  Architecture 


The  TRW  MSP  has  the  following  features: 

1)  Improved  Availability 

-  Limited  Fault  Tolerance  Capability 

2)  64  MIPS  Capability  meets  MFBARS  Performance  (40  MIPS) 

Simultaneously 

3)  Expandable  to  4  x  4  Matrix 

-  128  MIPS  Capability 

-  32  Bits  Per  Word  Expansion 

—  Technology  Transparent  Modules 

4)  High  Performance  for  Given  Volume 

-  Capable  of  1024  Point  Complex  FFT  in  1.5  MS  Within 
280  Cubic  Inches  (5x7x8  inches) 

The  dual  MSP  configuration  is  labeled  a  2  x  2  matrix  signal  processor 
and  can  be  expanded  to  a  4  x  4,  which  is  essentially  four  complete  micro¬ 
processors.  Using  a  4  x  4  generates  the  signal  processing  bench  mark 
(FFT  algorithms)  within  1.5  ms.  This  configuration,  with  spare  modules, 
is  illustrated  in  Figure  6-16. 


•  STAND  BY  REDUNDANT  MODULES  ALLOW  2-OUT-OF-3  SPARING  WITH  NO 
DEGRADATION  IN  PERFORMANCE 

■  CAN  BE  CONFIGURED  AS  3  X  3  OR  <1  X  4 

•  CPU  AND  MPY  STAND-BY  MODULES  CAN  BE  USED  TO  IMPROVE  PERFORMANCE 
OR  ENSURE  MARGIN  BY  INDIVIDUAL  REASSIGNMENT 

Figure  6-16.  Matrix  Signal  Processor  Expandability  4X4  Matrix 

The  matrix  switch  can  easily  be  in  LSI  form  as  it  is  a  bank  of  simple 
multiplexers.  The  2x2  MSP  requires  eight  multiplexers  that  select  one- 
of-eight  inputs  per  module.  This  is  shown  in  Figure  6-17.  Sixteen  LSI 
chips  for  the  2x2  matrix  switch  are  required,  as  each  LSI  is  in  a  bit 
plane  organization  -  as  RAM's  are  configured.  All  the  interconnections 
shown  are  on-chip  to  minimize  wiring  complexity. 

This  matrix  switch  is  one  of  the  key  new  technology  developments 
required  for  the  MSP.  Another  chip  with  major  impact  on  complexity  is 
a  high-speed  48-bit  instruction  register.  All  other  elements  are  off- 
the-shelf  or  in  development.  This  is  summarized  in  Figure  6-18. 

6.6  MATRIX  SIGNAL  PROCESSOR  CONTROL 

The  matrix  signal  processor  control  concept  is  based  on  a  time- 
division  multiple  access  control  bus.  Each  computational  element  (memory, 
CPU,  multiplier,  etc)  in  the  matrix  has  an  assigned  time  slot  on  the  bus. 
The  controller  sends  a  48-bit  control  slice  to  each  computational  element 
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•  AMD  2  903 
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120  TO  8 


BIPOLAR  LSI  TECHNOLOGY 


Figure  6-18.  Key  Elements  -  Matrix  Signal  Processor 
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and  the  specific  element  decides  whether  the  control  information  is 
intended  for  that  element.  Each  element  loads  its  control  slice  into  a 
dedicated  48-bit  register  and  holds  it  until  the  next  TDMA  assigned  time 
slot.  This  scheme  is  conceptually  illustrated  in  Figure  6-19  and  can  be 
regarded  as  a  fully  synchronous  centralized  control  concept. 


Figure  6-19.  Matrix  Signal  Processor  Controller 

This  control  concept  has  several  advantages.  The  first  is  that  the 
TDMA  control,  in  conjunction  with  the  fully  parallel  data  path  inter¬ 
connect,  allows  reconfiguration  of  computational  modules  and  hardware 
resource  management  in  the  event  of  hardware  module  failures.  The 
signal  processor  can  accommodate  high  availability/graceful  degradation 
requirements  due  to  its  inherent  ability  to  switch  computational  modules 
on  and  off  line  by  simply  reassigning  time  slots  on  the  control  bus. 
Figure  6-20  illustrates  the  interface  between  the  controller  and  com¬ 
putational  modules  via  the  time  divided  control  bus. 
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Figure  6-20.  Controller  Architecture 


The  second  advantage  of  this  control  concept  is  that  by  adding  a 
multiplexer  on  the  control  path  and  reassigning  time  slots,  multiple 
controllers  can  be  implemented.  That  is,  a  single  matrix  computational 
section  can  functionally  emulate  two  independent  machines.  Figure  6-21 
illustrates  this  configuration  with  a  2x2  matrix  and  two  controllers. 
This  feature  adds  a  significant  flexibility  factor  in  processing  options. 
For  example,  a  single  computational  section  can  be  reorganized  to  accom¬ 
modate  two  vastly  different  problems.  .  A  memory  intensive  data  acquisition/ 
control  function  and  a  computationally  intensive  signal  processing  prob¬ 
lem  are  two  examples  of  this  organizational  flexibility. 

6.7  SUPPORT  SOFTWARE  DESIGN  CONCEPT 

The  support  software  design  concept  consists  of  three  interdependent 
software  packages,  the  first  being  a  higher-order  language  compiler.  This 
compiler  is  the  primary  application  program  interface  with  the  signal 
processor  hardware.  Because  the  matrix  signal  processor  is  a  highly 
parallel  architecture,  assembly  language  programming  techniques  are 
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•  DIRECT  CONTROLLER-CPU  RELATIONSHIP 

•  ALLOWS  INDEPDENT  PROGRAM  EXECUTION 

•  REDUCES  CONTROLLER  INSTRUCTION  TRANSFER  REQUIREMENTS 

•  REQUIRES  TIMESLOT /MUX  CONTROL 

•  CONTROL  BUS  REQUIRES  DUAL  REGISTER  BUS  INTERFACE 

Figure  6-2T .  Controller  Architecture  -2x2  Matrix 

regarded  as  ineffective  from  a  programming  cost  standpoint.  Parallel 
architectures  also  generally  require  a  higher  level  of  programming  exper¬ 
tise  if  the  parallelism  is  not  hidden  from  the  programmer  via  some  software 
automation. 

The  second  software  package,  known  as  the  resource  allocator,  is  the 
software  automation  designed  to  map  programs  written  in  a  sequential 
higher-order  language  to  the  parallel  matrix  signal  processor  architecture. 
This  software  package  accepts  an  intermediate  sequential  language  output 
from  the  higher-order  language  compiler  and  analyzes  it  for  varying  degrees 
of  parallelism.  Using  a  hardware  architectural  description,  the  resource 
allocator  determines  a  matrix  of  free  computational  elements  and  assigns 
all  possible  parallel  program  operations  to  free  resources  at  a  given 
sequential  program  step.  There  is  some  automation  overhead  using  this 
approach,  but  it  is  more  than  offset  by  savings  in  programming  costs, 
transportability  of  application  programs,  and  programmer  acceptance  of 
the  overall  hardware/software  interface. 
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The  third  software  package,  the  assembler,  is  a  straightforward 
modification  of  existing  table-driven  assemblers  which  produce  machine 
code  from  mnemonic  parallel  programs  generated  by  the  resource  allocator. 

The  interdependence  of  the  overall  software  design  concept  is 
illustrated  in  Figure  6-22.  Each  software  package  uses  inputs  from  another 
package  to  perform  a  portion  of  the  complete  task  of  generating  machine 
code  for  a  highly  parallel  processor  architecture  (from  a  standard  higher 
language  such  as  ADA).  Each  portion  of  the  software  design  concept  either 
currently  exists  or  is  under  development. 


SOURCE  CODE 


Figure  6-22.  Software  System  Overview 
6.8  PROGRAMMING  EXAMPLE 

The  programming  example  of  Figure  6-23  is  intended  to  further  clarify 
the  matrix  signal  processor  hardware/software  interface.  This  example 
implements  a  complex  multiply  on  a  4  x  4  matrix  machine.  It  is  assumed 
that  the  machine  has  four  adders,  four  multipliers,  and  four  random  access 
memories  for  data  storage.  It  is  unrealistic  to  assume  data  partitioning 
in  four  distinct  memories,  so  it  is  assumed  that  the  real  data  resides  in 
one  distinct  memory  and  imaginary  data  resides  in  another.  Using  these 
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(A,B)  X  (C,D)  =  (A  X  C  -  B  X  D.  A  X  D  *  B  X  C) 

INSTR  t  LOAD  A 

2  LOAD  B 

3  LOAD  C 

4  LOAD  0 

5  CPU— -A  X  D,  CPU  — B  X  C,  CPU  — A  X  C. 

CPU  —  B  X  D 

6  STORE  REAL 

7  STORE  IMAC 

Figure  6-23.  Programming  Example 

assumptions,  a  complex  multiply  can  be  accomplished  in  four  machine 
instructions  as  follows: 

(A,  B)  *  (C,  D)  =  (A  *  C  -  B  *  D,  A*  D  =  B  *  C) 

1)  Load  A,  Load  0 

2)  Load  C,  Load  B 

3)  CPU  0  —  A*D,  CPU  1  —  B*C 

CPU  2  —  A*C,  CPU  3  —  B*D 

4)  Store  A*D  +  B*C,  Store  A*C  -  B*D 

This  example  illustrates  the  parallel  computational  structure  of  the 
matrix  signal  processor.  In  instruction  (1),  one  real  and  one  imaginary 
data  word  are  loaded  to  two  multipliers.  Instruction  (2)  loads  two  data 
words  to  two  multipliers.  Eight  data  moves  are  accomplished  in  two  instruc¬ 
tions  and  unused  resources  may  be  devoted  to  other  tasks.  Instruction  (3) 
moves  four  multiplier  outputs  to  four  input  registers  on  two  CPUs  in  pre¬ 
paration  for  the  add  and  subtract.  Instruction  four  moves  two  CPU  results 
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to  the  real  and  imaginary  memories,  respectively.  Note  also  that  memory 
addressing  is  accomplished  independently  of  arithmetic  computations  in 
separate  memory  address  generators. 


The  overall  matrix  signal  processor  control  and  software  design  con¬ 
cept  maximizes  throughput,  availability,  and  flexibility  by  utilizing  a 
unique,  modular,  parallel  processor  architecture.  The  software  cost  effec¬ 
tiveness  problems  created  by  this  approach  are  solved  by  automating  the 
program  development  process  to  a  standard  higher-order  language  such  as  ADA. 

6.9  SUMMARIES  -  FIRMWARE  AND  HARDWARE 

Firmware  and  hardware  summaries  are  given  in  Figures  6-24  and  6-25 
respectively.  For  the  estimated  signal  processing  algorithms,  approxi¬ 
mately  4096  assembly  language  instructions  are  required  as  most  of  these 
MSP  programs  are  small.  Although  note  that  these  ara  parallel  instructions, 
and  that  they  can  be  equivalent  to  about  32,000  simple  instructions.  The 
hardware  sumnary  shows  physical  parameters  for  the  2  x  2  and  4  x  4  configu¬ 
rations.  Consideration  for  VLSI  (the  matrix  switch  LSI  and  register)  can 
improve  the  parts  count  by  70  percent,  halve  the  power  dissipation,  and 
improve  performance  (simple  instruction  execution  rates)  by  30  percent. 
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NOTE:  PARALLEL  INSTRUCTION  EQUIVALENT  TO  EICHT 
STANDARD  INSTRUCTIONS 


Figure  6-24.  Matrix-Signal  Processor  Firmware 
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•  SUMMARY:  VLSI  VERSUS  MSI /LSI  IMPROVEMENTS 

PARTS  COUNT  68  PERCENT 

POWER  DISSIPATION  43  PERCENT 

BASIC  CLOCK  CYCLE  33  PERCENT 

•  VLSI  CONFIGURATION  INCLUDES  KEY  ELEMENTS  SUCH 
AS  MATRIX  SWITCH,  4-PORT  RAM.  ETC. 

Figure  6-25.  Matrix  Signal  Processor  Hardware  Summary 


In  summary,  the  MF3ARS  Matrix  Signal  Processor  can  achieve  all  the 
design  features  given  earlier  —  high  reliability  by  module  configuration, 
higher-order  language  compatibility  with  emphasis  on  a  sophisticated 
resource  allocator/ interpreter,  maximized  flexibility  through  module 
interconnections,  and  minimum  physical  characteristics.  The  latter 
requires  the  use  of  VLSI,  as  in  the  matrix  switch,  but  this  provides  very 
high  data  throughput  capability  on  the  order  of  128  MIPS  within  a  very 
small  package.  In  addition  to  the  MFBARS  communication  requirements,  the 
MSP  can  now  be  applied  to  many  other  systems  such  as  radar  signal  pro¬ 
cessors  that  require  high  performance  signal  processing. 


7.  INTEGRATED  INERTIAL  NAVIGATION  WITH  MFBARS 


7.1  INTRODUCTION 

This  section  details  the  software  requirements  for  a  number  of  MFBARS 
integrated  navigation  system  design  options  for  the  case  with  GPS,  JTIDS, 
gimballed  inertial  measurement  unit  (IMU)  and  barometer  altimeter  as  navi¬ 
gation  sensors.  Computational  requirements  are  in  part  dictated  by  the 
extent  of  aiding,  especially  GPS  aiding.  During  the  Phase  II  add-on  task 
the  emphasis  has  been  first  of  all  on  establishing  the  basic  criteria  for 
MFBARS  navigation  system  operation  in  a  jamming  environment  and  secondly 
on  defining  the  software  functions  and  its  interfaces,  and  estimating  its 
computational  requirements,  e.g.,  throughput,  memory,  word  length,  etc. 
These  data  are  used  in  the  computer  architecture  design  trades  of  Sec¬ 
tion  6  and  in  the  economic  analysis  of  Section  8. 

The  remainder  of  the  introduction  provides  an  Integrated  Inertial 
Navigation  system  overview.  Subsection  7.2  discusses  system  operation. 
Subsection  7.3  covers  filter  design.  Subsection  7.4  covers  data  processor 
functional  design.  Section  7.5  gives  data  processor  sizing  and  timing 
estimates.  Recommendations  for  additional  studies  are  given  in  Section  7.6. 
The  recommendations  are  directed  toward  resolving  critical  issues  associa¬ 
ted  with  operation  and  integration  of  inertial  and  radio  navigation 
systems. 

The  MFBARS  radio  navigation  subsystems  GPS  and  JTIDS  and  the  inertial 
navigation  system  (INS)  have  complimentary  features,  which  when  used  in  an 
integrated  system,  can  improve  navigation  performance  for  tactical  aircraft 
and/or  in  jammer  environment  applications.  The  INS  is  an  inherently  short¬ 
term  accurate  navigation  system,  ^0.8  n  mi/hr  for  current  tactical  appli¬ 
cations.  Thus  data  from  sources  external  to  the  INS  could  be  used  to 
improve  long-term  navigation  performance.  GPS  and/or  JTIDS  measurements, 
after  processing  by  (Kalman)  filter  algorithms  are  of  sufficient  accuracy 
to  be  an  external  source  for  improvement.  There  are  direct  improvements 
on  the  INS  estimates  of  position  and  velocity.  In  addition,  accurate 
estimates  for  altitude  reference  bias  and  inertial  measurement  unit  (IMU) 
platform  alignment  and  drift  biases  can  be  obtained  as  outputs  from  the 
above  noted  filter. 
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GPS  provides  a  long-term  accurate,  absolute  navigation  capability, 
which  estimates  position  with  less  than  50  ft  error.  However,  satellite 
signal  tracking  is  sensitive  to  jammer  interference.  This  sensitivity  to 
jammer  interference  can  be  reduced  by  using  INS  information  to  reduce 
vehicle  dynamics  effects  and  decrease  the  receiver  tracking  loop  bandwidths, 
so  that  the  tracking  loops  can  operate  at  increased  jammer  to  signal 
ratios  (J/S).  In  addition,  with  INS  provided  position  and  velocity  data 
the  receiver  search  region  in  the  phase-frequency  domain  can  be  limited, 
therefore  reducing  time  for  acqusition  and  reacquisition.  While  accurate 
knowledge  of  the  system  time,  through  JTIDS,  allows  for  faster,  direct 
P  -  Code  acquisition.  In  general,  the  aiding  INS  and  JTIDS  sensors  provide 
augmented  navigation  capability  which  gives  optimal  navigation  performance 
with  GPS  and  continuity  during  GPS  outages. 

JTIDS  provides  a  janrner  resistant,  relative  navigation  capability  with 
a  long-term  position  accuracy  of  -200  ft.  Aiding  of  the  JTIDS  net  is 
primarily  provided  through  synchronization  of  GPS  and  JTIDS  system  times, 
in  which  case  the  availability  of  GPS  time  provides  fast  entry  into  the 
JTIDS  net,  while  the  GPS  and  INS  subsystems  can  provide  absolute  naviga¬ 
tion  to  the  JTIDS  net.  In  general ,  the  aiding  GPS  and  INS  sensors  provide 
augmented  navigation  capability,  which  gives  optimal  navigation  performance 
with  JTIDS  and  continuity  during  JTIDS  outages. 

If  a  multiple  beam  phased  array  antenna  design  is  selected  for  the 
MFBARS  system,  then  the  navigation  system  must  aid  the  antenna  system  by 
providing  beam-pointing  information  for  phase  command  generation. 

The  software  functions,  which  perform  the  integrated  navigation  are 
designated  as  data  processor  in  the  following.  The  basic  difference  between 
the  data  processor  and  signal  processor  functions  is  that  the  first  requires 
a  relatively  low  data  throughput  rate  and  a  large  memory,  while  the  latter 
requires  high  data  rates  and  little  memory.  These  differences  should 
influence  the  MFBARS  computer  architecture  design  and  its  interfaces  with 
the  DAIS  data  bus. 

7.2  MFBARS  NAVIGATION  SYSTEM  OPERATION 

The  impetus  for  integration  of  the  INS,  GPS  and  JTIDS  navigation  sub¬ 
systems  is  the  improvement  in  navigation  performance  that  can  be  achieved 
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through  mutual  aiding  for  high  dynamics  vehicles  operating  in  a  jamming 
environment.  In  order  to  design  an  integrated  MFBARS  navigation  system, 
it  is  necessary  to  define  the  extent  of  aiding.  When  operating  in  a 
benig:  environment,  GPS  satellite  signal  acquisition  and  JTIDS  net  entry  is 
facilitated  with  aiding  data.  The  GPS  aiding  consists  of  position  and 
velocity  data,  which  can  be  provided  by  the  INS  and  possibly  system  time, 
which  can  be  provided  by  JTIDS,  if  GPS  and  JTIDS  times  are  synchronized 
for  faster  acquisition.  JTIDS  aiding  consists  of  system  time  for  faster 
net  entry,  provided  by  GPS,  if  GPS  and  JTIDS  times  are  synchronized.  GPS 
and/or  JTIDS  aiding  of  the  INS  is  required  continually  to  improve  the  long¬ 
term  inertial  navigation  accuracy.  GPS  aiding  is  preferred  over  JTIDS  aid¬ 
ing  because  of  its  greater  accuracy.  However,  GPS  is  relatively  sensitive 
to  jammer  interference.  JTIDS,  to  the  contrary,  is  more  resistant  to  jammer 
interference  through  the  use  of  longer  codes  and  frequency  hopping  tech¬ 
niques.  By  providing  additional  aiding  to  the  GPS  subsystem,  it  is  possible 
to  increase  the  resistance  of  GPS  to  jammer  activity.  The  extent  of  the 
additional  GPS  aid  functions  and  rational  for  the  selected  aiding  options 
for  the  MFBARS  design  are  given  in  the  remainder  of  this  section. 

The  GPS  aiding  functions,  which  impact  the  data  processor  design,  are 
related  to  the  following:  (1)  more  accurate  estimation  of  tracking  loop 
parameters,  (2)  control  of  antenna  pointing  parameters,  (3)  satellite 
selection/switching.  The  GPS  receiver  design  implements  tracking  loops 
with  noise  thresholds  which  are  determined  by  the  finite  tracking  loop 
bandwidth  required  to  track  the  anticipated  loop  dynamics.  While  loop 
noise  demands  a  narrow  bandwidth  to  maintain  track,  a  wider  bandwidth  is 
required  to  track  the  vehicle  dynamics.  Thus,  by  providing  an  independent 
estimate  of  the  vehicle  dynamics,  it  is,  in  principle,  possible  to  narrow 
the  loop  bandwidth  which  results  in  a  greater  antijam  margin.  The  quality 
of  the  aiding  data  determines  the  amount  of  bandwidth  reduction,  and  the 
errors  in  the  aiding  become  the  new  dynamic  disturbances  which  the  tracking 
loops  must  follow.  These  errors  establish  the  aided  receiver  threshold. 
Three  receiver  tracking  thresholds  must  be  considered: 

•  Data  demodulation 

•  Carrier  tracking 

•  Code  tracking. 
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The  tracking  threshold  for  the  data  demodulation  Costas  tracking  loop 
is  not  increased  by  any  form  of  navigational  data  aiding.  The  data  proces¬ 
sor  uses  the  satellite  ephemeris  and  clock  bias  data  obtained  at  initial 
acquisition,  hence  acquisition  must  occur  in  a  benign  or  near  benign 
envi ronment. 

The  carrier  loop  provides  the  delta  range  or  doppler  measurements. 

In  order  to  avoid  loss  of  lock  the  tracking  error  should  be  kept  within 
0.1  ft  (phase-locked)  and  0.05  ft  (Costas)  (Reference  1).  In  order  to 
provide  this  accuracy  with  narrow  tracking-loop  bandwidths  during  high- 
dynamics  maneuvers,  the  aiding  velocity  signals  must  be  updated  frequently, 
on  the  order  of  every  10  ms.  Because  data  are  generally  not  available  from 
the  INS  mechanization  algorithms  this  frequently,  the  aiding  data  must  be 
provided  by  a  dedicated  IMU,  in  which  case  an  increase  of  up  to  10  db  in 
antijam  margin  can  be  obtained  (Reference  2).  Loss  of  carrier  loop  lock 
results  in  loss  of  the  doppler  measurements,  which  is  not  a  severe  draw¬ 
back  since  doppler  information  is  usually  more  accurately  obtained  by 
differencing  range  measurements. 

The  code  tracking  loop  provides  the  pseudorange  measurements.  The 
code  loop  inherently  places  lower  restrictions  on  both  the  allowable  delay 
and  the  accuracy  of  the  velocity  aiding  data,  due  to  the  fact  that  the 
code  loop  dynamics  are  scaled  down  by  a  factor  of  about  160,  the  L-band  to 
the  P-code  frequency  ratio.  Hence  the  code  loop  tracking  errors  can  be  on 
the  order  of  tens  of  feet,  and  INS  computational  delays  of  up  to  about 
150  ms  are  acceptable.  Code  loop  bandwidth  reductions  of  0.1  Hz  have  been 
achieved  with  a  second  order  loop  implementation,  which  corresponds  to  a 
8  db  increase  in  the  anti  jam  margin  over  the  unaided  code  loop  (Reference  2). 
For  small  bandwidths,  the  aided  code  loop  implementation  might  become  un¬ 
stable  and  a  compensation  might  have  to  be  incorporated.  For  higher  order 
loops,  the  time  delays  are  such  that  measurement  errors  are  no  longer 
independent  and  residual  editing  should  not  be  used  to  decide  if  a 
measurement  is  acceptable  or  not  (Reference  3).  Instead,  the  range 
measurement  data  quality  must  be  based  on  the  measured  jammer-to-signal 
ratio  (J/S). 
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In  addition,  adaptive  tracking  techniques  have  been  developed  to 
calculate  optimum  tracking  loop  parameters.  In  these  techniques  INS  data 
is  used  to  determine  the  time  variable  parameters  in  a  model  of  the  effec¬ 
tive  pseudorange  dynamics  and  INS  and  receiver  data  is  used  to  determine 
the  signal-to-noise  ratio.  From  this  information,  together  with  initial 
values  for  covariances  of  the  tracking  error  states,  successive  tracking 
error  covariances  and  optimum  tracking  loop  parameters  can  be  calculated. 

In  the  MFBARS  navigation  system  design,  aiding  is  only  provided  for 
code  loop  tracking.  Carrier  loop  tracking  aiding  is  not  implemented  for 
the  following  reasons: 

1)  Accuracy  and  rate  of  aiding  requires  a  dedicated  IMU. 

2)  For  high-dynamic  maneuvers  of  tactical  aircraft,  the 
effects  of  acceleration  on  the  frequency  of  the  GPS 
crystal  oscillator  can  be  a  significant  cause  of 
residual  tracking  errors  in  the  inertially  aided 
tracking  loops,  thus  negating  part  or  all  of  the 
benefits  of  the  aiding. 

3)  Range  rate  can  be  obtained  by  differencing  the  range 
measurements,  thus  the  range  rate  measurements  are  not 
critical . 

4)  JTIDS  provides  a  backup  for  aiding  the  INS  in  case  one 
or  more  GPS  measurements  are  lost  for  an  extended  period. 

Adaptive  tracking  has  not  been  included  in  the  MFBARS  navigation 
system  design  for  the  same  reasons. 

The  second  way  of  enhancing  GPS  performance  in  jamming  environments 
is  by  means  of  advanced  antenna  techniques  in  which  either  jammer  signals 
are  detected  and  suppressed  or  narrow  beams  are  directed  at  the  satellites. 
The  first  technique  which  uses  an  adaptive  null  steering  array  antenna 
does  not  require  any  outputs  from  the  navigation  data  processor.  The 
second  technique,  which  uses  a  multiple  beam  array  antenna,  requires  the 
calculation  of  beam  pointing  angles  (phase  shifter  commands  if  the  conver¬ 
sion  is  not  performed  in  a  special  purpose  processor)  as  part  of  the  navi¬ 
gation  data  processor  GPS  aiding  functions.  For  the  MFBARS  navigation 
data  processor  design,  it  is  assumed  that  an  adaptive  null  steering  array 
antenna  is  used.  Hence  no  data  processing  resources  are  required  for 
antenna  beam  pointing. 
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The  third  method  of  protecting  the  operation  of  GPS  in  a  jamming 
environment  is  by  selecting  satellites  with  signals  which  are  least 
affected  by  jammer  interference.  In  most  cases  ground  based  jammers  are 
more  effective  against  tactical  aircraft  than  are  space  based  jammers. 
Consequently,  the  signals  from  low  elevation  satellites  are  affected  more 
by  the  jammers  than  are  the  signals  from  high  elevation  satellites.  The 
currently  used  satellite  selection  criterion  is  generally  based  on  mini¬ 
mizing  Geometric  Delution  of  Precision  (GDOP),  which  results  in  the  selec¬ 
tion  of  satellites  which  have  the  greatest  relative  spread,  usually  with 
one  or  more  close  to  the  minimum  elevation  limit.  By  also  taking  into 
account  environmental  conditions  such  as  expressed  by  J/S,  it  might  be 
possible  to  select  the  set  of  4  visible  satellites  which  are  least 
affected  by  jamming.  However,  time  constraints  and/or  jammer  interference 
(no  data)  might  prevent  the  acquisition  of  a  new  satellite  signal  towards 
the  end  of  a  mission.  Also,  as  the  time  remaining  in  the  mission  approaches 
zero,  the  INS  error  divergence  approaches  zero. 

The  navigation  system  aiding  functions  which  constitute  the  basis  for 
MFBARS  navigation  system  design  requirements  are  summarized  in  Table  7-1. 

The  data  processing  design  and  computer  sizing  estimates  for  the  MFBARS 
data  processor  are  derived  from  these  requirements. 

7.3  MFBARS  INTEGRATED  NAVIGATION  FILTER  DESIGN 

The  most  effective  GPS/JTIDS/INS  aiding  is  obtained  by  processing 
the  GPS  and  JTIDS  measurements  and  data  from  the  INS  mechanization 
algorithms  in  an  integrated  navigation  filter  as  depicted  in  Figure  7-1. 
Included  with  the  measurements  are  those  from  auxiliary  sensors  such  as 
barometric  altimeter. 

A  typical  set  of  subsystem  measurements  is  given  in  Table  7-2,  which 
also  lists  the  commonly  used  set  of  GPS,  JTIDS  and  INS  error  parameters 
estimated  by  the  navigation  filter.  These  error  estimates  are  used  as 
infrequent  corrections  to  the  navigation  states,  obtained  by  frequently 
updating  the  navigation  mechanization  equations  with  the  IMU  outputs. 

Because  the  INS  system  errors  grow  slowly  compared  with  the  rate  of 
growth  of  uncertainties  in  vehicle  dynamics,  the  update  rate  of  the 
integrated  GPS - JT IDS - I NS  navigation  filter  can  be  much  slower  than  for  an 
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Table  7-1.  MFBARS  Integrated  Navigation  System  Aiding 
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Figure  7-1.  Integrated  Navigation  Filter 

Table  7-2.  Integrated  Navigation  Filter  Measurements  and 
Error  Parameters 


System 

Measurements 

Error  Estimates 

GPS 

Pseudo  range 

Pseudo  range  rate 

User  clock  phase  bias 

User  clock  frequency  bias 

JTIDS 

Time  of  arrival 
(Relative  range) 

User  clock  phase  bias 

User  clock  frequency  bias 

Grid  origin  position 

Grid  origin  velocity 

Grid  azimuth  orientation 

Inertial 

Velocity  increments 
Gimbal  angles 

Position 

Velocity 

Platform  alignment 

Platform  drift 

CADC 

Barometric  altitude 

Altitude  reference 

unaided  G^S-JTIDS  filter  which  does  not  use  the  IMU  measurements.  This 
greatly  benefits  the  implementation  of  the  Kalman  filter  algorithms,  which 
require  a  substantial  amount  of  execution  time. 

During  periods  when  a  reduced  number  or  no  GPS  measurements  are  avail 
able  because  of  jamming,  JTIDS  measurements  should  provide  the  navigation 
filter  with  inputs  to  generate  the  required  error  updates  to  the  INS 
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navigation  states.  If  both  GPS  and  JTIDS  are  not  available,  then  the 
in-flight  estimation  of  IMU  alignment  made  possible  by  the  earlier  avail¬ 
ability  of  GPS  and  JTIDS  should  improve  the  INS  navigation  accuracy. 

The  use  of  a  completely  integrated  GPS/JTIDS/INS  filter  has  the 
following  advantages: 

1)  Common,  redundant  filter  states  do  not  have  to  be 
carried  along. 

2)  GPS  derived  geodetic  position  and  velocity  updates  are 
immediately  available  for  use  in  JTIDS  navigation 
processing,  without  special  interfaces  and  vice  versa. 

3)  The  IMU  interfaces  directly  with  a  single  filter. 

In  the  case  that  the  MFBARS  navigation  data  processor  has  to  inter¬ 
face  with  an  existing  avionics  processor  with  INS  navigation  mechanization, 
then  the  INS  position  and  velocity  data  can  be  directly  processed  by  the 
integrated  navigation  filter.  The  use  of  two  processors  also  adds  a  cer¬ 
tain  degree  of  redundancy  to  the  system.  For  that  reason  it  might  also 
be  desired  to  process  the  GPS  and  JTIDS  measurements  independently  in 
GPS/INS  and  JTIDS/INS  filters.  Therefore,  sizing  and  timing  estimates 
have  been  developed  for  four  different  MFBARS  navigation  data  processor 
design  configurations  as  depicted  in  Figures  7-2  and  7-3.  The  first  two 
designs  use  an  integrated  GPS/JTIDS  filter,  which  interfaces  with  either 
a  dedicated  IMU  or  with  a  stand-along  INS.  The  remaining  two  designs  use 
decoupled  GPS  and  JTIDS  navigation  filters,  which  interface  either  with 
an  IMU  or  an  INS  subsystem.  The  last  system  features  only  minimal  data 
transfer  between  the  GPS/INS  and  JTIDS/INS  mechanizations.  Table  7-3 
describes  each  of  the  designs,  its  advantages  and  disadvantages. 

7.4  MFBARS  DATA  PROCESSOR  FUNCTIONAL  DESIGN 

This  section  describes  the  MFBARS  data  processing  functional  design 
for  the  four  integrated  navigation  data  processing  configurations.  Only 
the  navigation  filter  and  navigation  integration  function  designs  differ 
among  the  four  configurations.  Executive,  initialization  and  control,  and 
display  functions  form  an  integral  part  of  the  navigation  system  software 
and  must  be  added  to  the  functions  given  in  Figures  7-2  and  7-3.  The 
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CONFIGURATION  1 


Figure  7-2.  Integrated  Inertial  Navigation  Data  Processing 
Configurations  with  an  Integrated  Navigation 
Fi 1  ter 
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Figure  7-3. 


Integrated  Inertial  Navigation  Data  Processing 
Configurations  with  Decoupled  Navigation  Filters 
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Table  7-3.  Integrated  Inertial  Navigation  Data  Processing 
Characteristics 


Confi  gu- 

r  ■  ~ 

ration 

Description 

Advantages 

Disadvantages 

1 

•  Single  navigation  filter 

•  No  redundant  filter  states 

»  Navigation  equation 

(22  states) 

mechanization  for 

. 

•  Single  interface  with  IMU 

i  dedicated  IMU 

•  Inertial  navigation 

•  GPS  data  easily  available 

•  Delay  in  JTIDS 

j  and  navigation  filter 

to  JTIDS  and  vice  versa 

j  measurements  complicates 

;  in  same  processor 

_ ! 

i  measurement  processing 

2 

•  Single  navigation  filter 

•  No  redundant  filter  states 

•  Position/velocity 

(22  states) 

resolution  determined 

1 

•  Single  interface  with  INS 

by  avionics  computer/ 

interface  word  length 

•  Inertial  navigation 

•  Can  be  integrated  with 

•  Delay  in  JTIDS 

in  separate  processor 

existing  avionics  system 

measurements  complicates 

(INS) 

measurement  processing 

•  GPS  data  easily  available 

to  JTIDS  and  vice  versa 

|  3 

•  GPS  navigation  filter 

•  Single  interface  with  IMU 

•  Redundant  filter  states 

j  (15  states) 

•  GPS  data  available  to 

■  Navigation  equation 

•  JTIDS  navigation  filter 

JTIDS  and  vice  versa 

mechanization  for 

(18  states) 

dedicated  IMU 

•  Inertial  navigation  and 

■  Delay  in  JTIDS 

|  filters  in  same  processor 

measurements  complicates 

1 

1 _ 1 _ 

updating  error  states 

1 

4 

•  GPS  navigation  filter 

•  GPS  and  JTIDS  separately 

•  Redundant  filter  states 

(15  states) 

integrated  with  inertial 

navigation 

•  Posit ion/velocity 

•  JTIDS  navigation  filter 

resolution  limitation 

(18  states) 

•  Independent  integrated 

•  Can  be  integrated  with 

•  Interface  required  for 

navigation 

existing  avionics  system 

transfer  of  GPS  data  to 

JTIDS  and  vice  versa 

i  Inertial  navigation 

separate  (INS) 

_  _ i 

* 


designs  for  these  three  functions  are  configuration-dependent  and  greatly 
influenced  by  the  computer  system  architecture  and  the  navigation,  control, 
and  display  subsystem  designs.  The  processing  rates  are  consistent  with 
the  design  requirements  for  aiding  established  in  Section  7.2.  These 
rates  form  the  basis  for  the  timing  estimates  given  in  Section  7.5. 

7.4.1  GPS  Satellite  Selection  Function 

The  GPS  Satellite  Selection  function  determines  which  four  of  the 
24  satellites  are  to  be  initially  acquired  and,  during  navigation,  which 
replacement  satellites  should  be  acquired  to  prevent  deterioration  of  GDOP 
or  loss  of  signal  due  to  jammer  interference  or  to  a  satellite  dropping 
below  the  minimum  elevation  limit.  Using  almanac  data  and  the  vehicle 
geocentric  state  vector,  the  function  calculates  the  vectors  to  all 
potentially  visible  satellites.  Four  satellites  are  selected  dependent  on 
atmospheric  effects,  mission  requirements,  satellite  health  and  expected 
duration  of  satellite  visibility,  and  minimum  GDOP  considerations.  Follow¬ 
ing  initial  acquisition,  the  function  is  enabled  every  300-500  seconds  to 
compare  the  performance  criterion  for  the  currently  used  set  of  satellites 
to  those  for  candidate  replacement  sets  or  to  switch  satellites  because  of 
large  J/S  or  bad  visibility. 

7.4.2  GPS  Satellite  Orbit  Propagation  Function 

The  GPS  Satellite  Orbit  Propagation  function  supplies  precise  satellite 
position  and  velocity  states  to  the  GPS  Navigation  Computation  function 
for  the  estimation  of  range  and  range  rate.  These  data  are  generated  using 
sixth  order  polynomials.  The  polynomial  coefficients  are  part  of  the 
satellite  signal  data  contents,  which  are  provided  by  the  GPS  Receiver 
Processing  function  and  are  updated  once  per  hour.  The  geocentric  satellite 
position  output  requires  a  word  length  of  at  least  29  bi t ^  and  the  corre¬ 
sponding  velocity  a  minimum  of  22  bits. 

7.4.3  GPS  Receiver  Processing  Function 

The  GPS  Receiver  Processing  function  forms  the  interface  of  the  MFBARS 
data  processor  with  the  GPS  receiver  signal  processor.  This  function 
processes  control  inputs  to  the  receiver  and  calculates  and  formats  the 
appropriate  receiver  aiding  quantities  for  performing  acquisition, 
reacquisition  and  code  tracking.  The  aiding  data  are  computed  from  the 
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range  and  its  derivative  data,  received  from  the  GPS  navigation  computation 
function  by  extrapolating  to  the  appropriate  time  and,  where  necessary, 
applying  lever  arm  corrections.  From  the  receiver  signal  processor  the 
function  receives  the  data,  code  phase,  and  doppler  reading  for  each  of 
five  receiver  channels.  Gross  reasonableness  checks  are  made  on  the 
measurement  data  which,  if  passed,  are  converted  to  pseudoranges  and 
pseudorange  rates.  The  four  L-j  pseudoranges  are  corrected  to  compensate 
for  the  effects  of  tropospheric  and  ionospheric  delays.  The  pseudo¬ 
range  measurement,  which  is  sequentially  obtained  for  the  four  satellites 
by  the  fifth  receiver  channel,  is  used  as  input  to  the  ionospheric  correc¬ 
tions  for  the  satellite  signals.  These  corrections  are,  among  others,  a 
function  of  the  respective  L-j ,  pseudorange  differences. 

The  measurements  may  also  be  corrected  for  lever  arm  effects  and 
calibration  constants.  Pseudorange  and  pseudorange  rate  measurements 
to  each  of  the  four  satellites  are  provided  to  the  GPS  navigation  computation 
function  at  a  maximum  rate  of  1/6  Hz.  Satellite  ephemeris  updates  are 
processed  once  per  hour  and  output  to  the  satellite  orbit  propagation 
function.  The  data  used  to  calculate  the  aiding  quantities  is  updated  at 
a  10  Hz  rate  by  the  GPS  navigation  computation  function. 


7.4.4  GPS  Navigation  Computation  Function 


The  GPS  navigation  computation  function  calculates  estimated  range 
and  range  rate  relative  to  the  four  satellites  being  tracked  from  the  geocen¬ 
tric  vehicle  and  satellite  position  and  velocity  vectors  obtained  from  the 
navigation  integration  and  the  satellite  orbit  propagation  functions, 
respectively.  The  output  data  to  the  GPS  Receiver  Processing  function 
may  include  higher  order  derivatives  required  to  calculate  the  aiding 
quantities  properly.  The  measurement  residuals,  which  are  output  to  the 
navigation  filter  function,  are  obtained  by  differencing  the  measured  and 
estimated  range  and  range  rate  values  and  applying  the  phase  and  frequency 
bias  error  corrections. 


7.4.5  JTIOS  Navigation  Computation  Function 


The  JTIDS  navigation  computation  function  calculates  vehicle  relative 
position  and  velocity  for  output  to  the  JTIDS  net  processing  function 
based  on  the  inertial  position,  velocity  estimates,  and  grid  position,  and 
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velocity  and  orientation  estimates  received  from  the  navigation  integration 
function.  While  this  last  function  updates  the  input  data  at  a  10  Hz  rate, 
the  JTIDS  Net  Processing  function  requires  in  principle  only  one  position 
message  every  12  seconds. 

Three  time-of-arrival  (TOA)  measurements  are  received  from  the  JTIDS 
Net  Processing  function  every  12  seconds.  The  measurement  data  includes 
the  relative  position  state  of  the  corresponding  users.  This  data,  com¬ 
bined  with  the  user's  own  relative  position  and  clock  bias  error  estimates, 
are  used  to  calculate  the  measurement  residuals  for  output  to  the  naviga¬ 
tion  fil ter  function. 

7.4.6  JTIDS  Net  Processing  Function 

The  JTIDS  net  processing  function  provides  the  interface  between  the 
navigation  data  processor  and  the  JTIDS  receiver  signal  processor.  The 
basic  responsibility  of  this  function  is  to  establish  and  maintain  syn¬ 
chronization  and  communication  with  the  JTIDS  nets.  The  processing  that 
must  be  performed  as  part  of  this  function  consists  of: 

1)  Slot-usage  control  for  transmission  and  reception 

2)  Coarse  a.,-  fine  synchronization  with  JTIDS  time 

3)  Time  drift  model  maintenance 

4)  Gross  error  checking  of  incoming  messages 

5)  Process  time  updating  and  time-slot  message  assignment 

6)  Position  extrapolation  to  reflect  expected  user  position 
at  time  of  position  message  transmission. 

The  JTIDS  Net  Processing  function  as  currently  envisioned  is  extremely 
complex.  A  dedicated  effort  is  required  to  define  for  tactical  vehicles 
a  user  hierarchy  and  to  establish  a  minimal  net  processing  functional 
design.  The  software  timing  and  sizing  is  based  on  such  a  design. 

7.4.7  Navigation  Filter  Function 

The  navigation  filter  function  implements  a  Kalman  filter  for  process¬ 
ing  the  GPS,  JTIDS,  and  altimeter  measurements,  which  estimate  the  errors 
in  the  following  22  state  variables. 
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3  states 


1)  Geographic  vehicle  position 

2)  Geographic  vehicle  velocity  -  3  states 

3)  Grid  relative  position  -  2  states 

4)  Grid  azimuth  orientation  -  1  state 

5)  Grid  origin  velocity  -  2  states 

6)  Altitude  reference  error  -  1  state 

7)  Platform  alignment  errors  -  3  states 

8)  Platform  drift  errors  -  3  states 

9)  User-clock  phase  bias  -  2  states 

10)  User-clock  frequency  bias  -  2  states 

TRW  experience  with  Kalman  filter  designs  has  established  the  virtues 
of:  (1)  writing  the  covariance  propagation  equations  in  conventional  form 
as  opposed  to  the  square  root  mechanization,  and  (2)  using  a  symmetrization 
procedure  to  prevent  numerical  stability  problems.  Performance  is  equiva¬ 
lent  and  the  mechanization  is  substantially  simpler  than  the  square  root 
mechanization.  The  measurement  processing  scheme  to  be  incorporated  in 
the  integrated  filter  configuration  design  remains  to  be  defined,  since 
it  depends  on  the  finalization  of  the  JTIDS  net  processing  characteristics 
and  the  results  of  further  performance  analyses.  A  number  of  options  are 
available  to  process  the  delayed  JTIDS  measurements:  (1)  maintain  "syn¬ 
chronization"  of  the  filter  and  navigation  state  times  and  propagate  the 
measurements  to  that  time,  and  (2)  let  filter  time  lag  navigation  state  time, 
process  all  measurements  chronologically  and  update  the  navigation  state 
with  error  state  estimates  that  have  been  propagated  to  the  current  navi¬ 
gation  state  time.  The  second  approach  is  preferred  over  the  first,  since: 

(1)  Kalman  filter  algorithms  require  a  substantial  execution  time; 

(2)  corrections  to  the  navigation  state  can  be  made  infrequently. 

Additional  savings  in  execution  time  are  realized  by  sequentially 
processing  the  set  of  4  GPS  range  and  4  GPS  range  rate  measurements  made 
at  the  same  instant  as  1  single  measurements.  This  avoids  having  to 
compute  the  inverse  of  an  8  x  8  matrix,  while  time  consuming  state 


propagations  and  covariance  matrix  extrapolations  do  not  have  to  be  per¬ 
formed  between  the  processing  of  the  8  measurements. 

The  filter  design  incorporates  a  12  second  cycle.  Computer  sizing 
and  timing  estimates  are  based  on  processing  a  maximum  of  2  sets  of  8  GPS 
measurements  each,  3  JTIDS  range  measurements,  and  6  altimeter  measurements 
during  this  cycle.  A  reduction  of  the  state  vector  from  22  to  19  state 
variables  appears  feasible  without  affecting  performance  much  by  deleting 
the  platform  drift  bias  states.  And  if  all  JTIDS  net  members  possess  a 
GPS  capability,  then  only  one  set  of  user-clock  states  is  required, 
thereby  further  reducing  the  number  of  state  variables  to  17. 

Separate  Kalman  filters  must  be  implemented  for  the  configurations 
with  decoupled  filters.  The  GPS/INS  navigation  filter  contains  as  state 
vector  elements: 


1) 

Vehicle  oosition 

-  3 

states 

2) 

Vehicle  velocity 

-  3 

states 

3) 

Altitude  reference  error 

-  1 

state 

4) 

Platform  alignment  errors 

-  3 

states 

5) 

Platform  drift  errors 

-  3 

states 

6) 

User-clock  phase  bias 

-  1 

state 

7) 

User-clock  frequency  bias 

-  1 

state 

The  JTIOS/INS  navigation  filter  uses  a  state  vector  consisting  of  the 
following  elements: 


1) 

Vehicle  position 

-  2 

states 

2) 

Vehicle  velocity 

-  2 

states 

3) 

Grid-relative  position 

-  2 

states 

4) 

Grid-azimuth  orientation 

-  1 

state 

5) 

Grid  origin  velocity 

-  2 

states 

6) 

Altitude  reference  error 

-  1 

state 

7) 

Platform  alignment  errors 

-  3 

states 

8) 

Platform  drift  errors 

-  3 

states 
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9),  User-clock  phase  bias  -  1  state 

10)  User-clock  frequency  bias  -  1  state 

The  basic  design  considerations  discussed  above  for  the  integrated  naviga¬ 
tion  filter  apply  to  the  individual  filters  as  well. 

7.4.8  Navigation  Integration  Function 

The  navigation  integration  function  maintains  and  propagates  the 
integrated  system  navigation  state.  The  complexity  of  this  function 
depends  heavily  on  the  selected  configuration.  If  the  navigation  integra¬ 
tion  function  interfaces  directly  with  the  IMU,  then  the  IMU  mechanization 
algorithms  become  an  integral  part  of  this  function.  It  must  not  only 
propagate  the  navigation  state  using  the  incremental  velocity  output  of 
the  IMU  at  a  minimum  10  Hz  rate  to  accurately  follow  vehicle  dynamics, 
it  must  also  accomplish  gyrocompass ing  for  preflight  alignment  of  the 
inertially  stabilized  frame  in  the  case  of  a  stable  platform  implementa¬ 
tion.  For  that  implementation  the  function  also  computes  the  gyrotorquing 
commands  required  to  maintain  the  IMU  in  a  local  level  orientation. 
Periodically  the  navigation  state  is  corrected  with  the  error  estimates 
supplied  by  the  navigation  filter(s). 

In  the  case  with  a  separate  INS,  the  navigation  integration  function 
is  no  longer  responsible  for  IMU  platform  management.  Instead,  the  navi¬ 
gation  state  is  received  from  the  INS  at  a  10  Hz  rate.  The  function  propa¬ 
gates  the  navigation  state  for  use  by  the  navigation  filter  and  aiding 
functions,  and  incorporates  the  filter  error  estimates  as  required. 

7.5  MFBARS  DATA  PROCESSOR  SIZING  AND  TIMING  ESTIMATES 

The  MFBARS  navigation  data  processor  sizing  and  timing  estimates  for 
the  four  integrated  navigation  data  processor  configurations  are  summarized 
in  Table  7-4.  These  estimates  reflect  the  functional  design  described  in 
Section  7-4  and  are  based  in  part  on  the  sizing  data  given  in  References  4 
and  5.  .Table  7-4  shows  that  the  maximum  required  word-length  is  32  bits, 
hence,  if  a  16-bit  computer  is  used,  a  double  precision  capability  must  be 
provided.  Either  fixed-point  or  floating-point  arithmetic  may  be  imple¬ 
mented.  The  storage  estimates  combine  the  instruction  and  data  memory 
requirement  for  which  a  3:1  ratio  is  assumed.  Furthermore,  the  instructions 
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Table  7-4.  Data  Processing  Sizing  and  Timing  Estimates 


Instructions  and  data 
•Based  on  1  MIPS  CPU 


represent  an  assembly  language  software  implementation.  A  30  percent 
inefficiency  factor  is  assumed  if  an  Higher  Order  Language  (HOL)  such  as 
FORTRAN  is  used.  Hence,  the  software  development  cost  estimate  derived  in 
Section  8  is  based  on  the  Configuration  1  estimate  of  0.75  x  1.3  x  60,400  = 
58,890  16-bit  machine  language  instructions  programmed  in  HOL. 

The  timinn  estimates  of  Table  7-4  are  developed  for  a  computer  with 
a  one  MIPS  CPU.  The  data  shows  the  maximum  execution  time  in  milliseconds 
of  a  function  during  a  one  second  period.  The  data  in  Table  7-4  reflects 
a  CPU  utilization  of  52.5,  47.5,  49.5,  and  48.5  percent  for  the  respective 
configurations.  The  use  of  an  HOL  might  increase  these  values  somewhat. 
Considering  the  design  uncertainties  and  allowing  for  future  growth  a 
one  MIPS  processor  with  the  equivalent  of  a  128,000  16-bit  memory  capacity 
is  recommended  for  the  MFBARS  data  processing  implementation. 

7.6  MFBARS  INTEGRATED  INERTIAL  NAVIGATION  STUDY  RECOMMENDATIONS 

The  MFBARS  integrated  inertial  navigation  study  conducted  as  part  of 
the  MFBARS  Phase  II  add-on  task  has  been  limited  in  scope.  Navigation  sys¬ 
tem  software  requirements  have  been  generated  for  four-candidate  integrated 
inertial  navigation  system  configurations  for  tactical  aircraft  operating 
in  a  jammer  environment.  The  requirements  are  derived  for  navigation 
systems  consisting  of  GPS,  JTIDS,  gimballed  inertial  measurement  unit,  and 
barometric  altimeter  operating  throughout  the  entire  mission.  Configura¬ 
tion  1  has,  from  an  integration  point  of  view,  a  number  of  advantages; 
however,  its  performance  must  be  demonstrated  under  simulated  tactical 
mission  conditions.  The  final  design  must,  besides  performance,  reflect 
considerations  as  reliability,  maintainability  and  testability.  However, 
the  task  recommendations  for  a  follow-on  study  emphasize  the  operability 
and  performance  aspects  of  a  MFBARS  integrated  navigation  system  design. 

Task  1 :  Establish  subsystem  operability  as  a  function  of  mission  phase. 

The  integrated  navigation  system  design  is  based  on  the  assumption 
that  the  JTIDS  system  provides  an  effective  backup  for  INS  aiding  in  the 
absence  of  GPS,  i.e.,  when  operating  under  heavy  jamming  conditions.  For 
this  assumption  to  be  valid,  it  must  be  demonstrated  first  of  all  that  an 
effective  JTIDS  net  can  be  established  and  maintained  during  those  mission 
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phases.  As  part  of  this  task,  tactical  mission  phases  will  be  defined  and 
subsystem  operability  requirements  will  be  established  for  each  phase. 

It  will  next  be  determined  if  these  requirements  can  be  satisfied. 

Task  2:  Investigate  alternate  satellite  selection/switching  schemes. 

The  GDOP  criterion,  generally  used  for  satellite  selection,  only 
considers  the  geometrical  aspects  in  determining  the  optimum  set  of 
satellites.  This  may  result  in  the  selection  of  one  or  more  satellites 
with  a  low  elevation  angle.  The  signals  from  these  satellites  are 
extremely  sensitive  to  interference  from  ground-based  jammers  and,  conse¬ 
quently,  may  lose  lock  easily.  This  task  will  analyze  the  effect  of  land 
and  space-based  jammers  on  satellite  signals  as  a  function  of  satellite 
vehicle  geometry.  Based  on  the  results,  alternate  selection  schemes, 
which  may  include  the  use  of  J/S  and  mission  time  in  addition  to  GDOP, 
will  be  defined  and  evaluated. 

Task  3:  Determine  minimum  set  of  JTIDS  net  processing  requirements. 

Present  JTIDS  net  processing  designs  are  extremely  complicated  and 
require  a  large  amount  of  computer  resources.  Based  on  the  results  of  the 
operations  analysis  of  Task  1,  the  net  processing  requirements  for  tactical 
vehicle  applications  will  be  evaluated  under  this  task  to  determine  the 
minimum  set  which  must  be  supported  by  the  MFBARS  terminal.  Special 
emphasis  will  be  placed  on  the  measurement  selection  scheme  in  support  of 
the  measurement  processing  analysis  addressed  in  the  next  task. 

Task  4:  Perform  integrated  navigation  system  performance  analysis. 

Although  navigation  system  performance  of  the  integrated  designs  must 
be  demonstrated  in  general,  the  impact  of  the  concurrent  processing  of 
JTIDS  and  GPS  measurements  on  system  performance  requires  special  attention. 
Typically,  the  JTIDS  net  processing  function  determines,  based  on  data 
quality  measures,  which  set  of  3  measurements  within  a  12  second  time  slot 
should  be  processed  by  the  navigation  filter.  As  a  result  the  measurements 
may  become  available  to  the  filter  with  delays  of  more  than  12  seconds, 
thereby  requiring  either  propagation  to  the  current  filter  time  or  delay¬ 
ing  GPS  measurement  processing.  This  task  will  investigate  the  impact  on 
navigation  performance  of  these  measurement  processing  approaches.  The 
results  of  Task  3,  concerning  the  designation  of  user  measurements,  will  be 
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incorporated  in  this  task.  Use  of  a  system  or  scientific  simulation  is 
mandatory  for  this  analysis. 

Task  5:  Investigate  application  of  alternate  navigation  subsystems. 

The  present  design  study  was  based  on  a  gimballed  IMU  and  made 
assumptions  concerning  the  operational  availability  of  JTIDS.  If  Task  1 
shows  that  these  assumptions  are  not  valid  and/or  if  Task  4  shows  that 
performance  in  general  is  unacceptable,  then  additional  GPS  aiding  might 
be  required.  The  application  of  a  strapdown  inertial  measurement  unit, 
although  requiring  increased  computer  resources,  has  several  distinct 
advantages.  Elimination  of  gimbals  leads  to  lower  system  costs,  smaller 
mechanical  and  electrical  form  factor,  and  increased  reliability.  How¬ 
ever,  the  proper  resolution  of  acceleration  information  requires  rapid 
updating  of  the  transformation  matrices  relating  body  and  navigation 
coordinate  frames.  The  availability  of  attitude  and  angular  rate  in  a 
high-speed  digital  format  could  provide  the  antenna  motion  velocity 
compensation  necessary  for  code  loop  aiding  and  maybe  antenna  array 
pointing.  The  smaller  physical  size  of  a  strapdown  IMU  may  enable  mount¬ 
ing  close  to  the  antenna,  thereby  making  lever  arm  motion  effects  negli¬ 
gible.  This  task  will  investigate  the  impact  on  integrated  inertial 
navigation  system  design  and  performance  for  alternate  navigation  system 
complements,  especially  the  use  of  a  strapdown  IMU  in  place  of  a  gimballed 
IMU. 

The  tasks  identified  above  are  interrelated.  The  data  flow 
between  the  tasks  is  indicated  in  Figure  7-4. 
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Figure  7-4.  Task  Data  Flow 
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8.  PHASE  I  ECONOMIC  ANALYSIS 


The  MF8ARS  program  employed  six  cost  models  to  study  the  acquisition, 
production,  logistic  support  and  software  costs.  These  models  were 
(1)  AF  Logistic  Support  Cost  Model-Mini,  (2)  Marine  Corps  TRI  TAC  Cost 
model,  (3)  RCA’s  PRICE-H  model,  (4)  RCA's  PRICE-S  model,  (5)  RCA's 
PRICE-L  model,  and  (6)  TRW's  Software  Cost  Estimation  Program  (SCEP) 
software  model.  The  PRICE  models  were  run  by  the  customer  from  input 
sheets  provided  by  TRW. 

8.1  MODEL  DESCRIPTION 

8.1.1  TRW  Software  Cost  Estimation  Program  (SCEP) 

SCEP  is  a  computer  model  which  accepts  a  hierarchial  description 
of  a  software  project  in  terms  of  14  distinct  parameters,  and  provides 
labor  estimates  for  completion  of  the  project.  The  model  covers  the 
costs  associated  with  preliminary  design,  detailed  design,  coded  unit 
test,  and  integration  test. 

8.1.2  PRICE  Software  Model 

The  PRICE  software  model  takes  into  consideration  10  distinct 
parameters  and  provides  an  output  in  terms  of  dollar-cost  or  man- 
months  (months  required  to  perform  the  various  phases  of  the  job 
and  schedule  information  and  sensitivity  data).  The  model  computes 
the  costs  associated  with  design,  implementation  and  test,  and 
integration.. 

8.1.3  PRICE  H  Model 

PRICE  (Programmed  Review  of  Information  for  Costing  and  Evalu¬ 
ation)  provides  estimates  for  engineering  development  prototype 
and  production  costs.  These  costs  are  developed  from  physical 
characteristics  of  the  design  concepts  such  as  weight,  volume, 
quantity  of  units,  types  of  components,  type  of  construction,  and 
complexity. 
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8.1.4  AF  Logistics  Support  Cost  Model -Mini 

The  mini  LSC  model  estimates  the  support  cost  expected  by  adapting  a 
particular  design  concept  and  support  philosophy.  Inputs  to  the  model  fall 
into  the  following  categories: 

a)  System  variables.  Force  operating  hours,  service  life,  fraction 
employed  overseas. 

b)  Software  constants.  Programmer  cost  and  turnover  rate,  number 
of  insturctions  and  complexity,  percent  of  expected  changes. 

c)  Subsystem  variables.  Depot  and  base  labor  rate,  number  of  man¬ 
hours  per  month  available. 

d)  LRU  variables.  MTBF,  unit  cost,  average  fault  isolation/repair 
times  at  both  base  and  depot,  unit  weight,  etc. 

e)  AGE  variables.  Cost  of  AGE,  base  and  depot  utilization  rate, 
percent  downtime. 

The  model  calculates  four  equations: 

a)  Initial  and  replacement  LRU  spare  costs 

b)  Off-equipment  maintenance  costs 

c)  Support  equipment,  costs 

d)  Software  acquisition  and  maintenance  costs. 

The  model  cal 'ulates  the  costs  associated  with  the  number  of  operating- 
bases  input  by  the  analyst,  but  assumes  one  depot  activity. 

8.1.5  TRI  TAC  Computer  Model  for  Life  Cycle  Costing 

The  model  employs  a  set  of  69  input  cost  elements  to  compute  the 
annual  operating  and  support  costs,  as  well  as  the  life  cycle  cost. 

Annual  operating  and  support  costs  are  listed  as: 

a)  Electric  power 

b)  Special  materials 

c)  Maintenance  personnel 

d)  Support  equipment  maintenance 

e)  Software  maintenance 

f)  Supply  personnel 
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g)  Spare  parts  and  repair  materials 

h)  Inventory 

i)  Transportation. 

These  computed  costs  are  combined  with  three-point  estimates  determined 
by  the  analyst  (R&D  estimate,  software  procurement,  and  software  maintenance 
cost)  to  provide  the  life  cycle  costs.  The  total  life  cycle  cost  is  divided 
into  three  main  groups:  (1)  R&D,  (2)  investment,  and  (3)  operations  and 
logistics  support. 

8.2  PHASE  I  BASELINE  CONFIGURATION  ECONOMIC  RESULTS 

The  baseline  architecture  (Figure  8-1)  is  a  distributed  configuration 
consisting  of  one  processor  and  three  transmitters. 

The  "(1  RF/  1  syn)"  of  Figure  8-1  refers  to  the  use  of  one  RF  and 
one  synthesizer  module  for  the  function. 


Figure  8-1.  Phase  I  Baseline  Architecture 


'I 


The  following  maintenance  concept  was  used  in  order  to  complete 
the  input  data  for  the  LSC  and  ICC  models: 

•  Remove/ replace  an  LRU  at  the  organizational  level 

t  Repair  and  retest  an  LRU  at  the  intermediate  level  by  removal/ 
replacement  of  SRUs  (modules) 

•  SRU  repair  at  the  depot  with  back-up  LRU  test  capability  for  a 
small  percentage  of  very  difficult  LRU  repairs. 

8.2.1  Software  Acquisition  Costs 

Three  models  were  used  to  predict  the  software  acquisition  costs. 
The  models  and  their  results  are  as  follows: 


Model 

Cost 

Result 

TRW' s  SCEP 

$524,210 

87.4  MM 

LSC-Mini 

$655,500 

109.8  MM 

Price-S 

$983,000 

163.8  MM 

All  costs  were  computed  in  1978  dollars  with  one  man-month  equal  to 

$6,000. 

The  SCEP  computer  output  data  sheets  are  found  in  Table  8-1,  Price 
Software  model  data  sheets  are  Table  8-2,  and  the  LSC-Mini  in  Table  8-3. 

8.2.2  Software  Support  Costs 

The  logistics  support  cost  model  mini  version  is  the  only  model  that 
predicts  software  support  costs.  Support  costs  for  the  baseline  system 
over  the  10-year  life  of  the  program  equals  $248,775.  This  value  is  also 
in  1978  dollars. 

8.2.3  Logistics  Support  Costs 

The  logistics  support  model  used  in  this  analysis  is  the  Mini-LSC, 
version  1.3  AFALO/AQS,  Space  and  Missile  Systems  Organization ,  Los  Angeles, 
Cal ifornia. 
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Table  8-1.  TRW  Software  Cost  Estimating  Program 


VERSION  SCEP1.0 
DATE  10/12/78. 
SYSTEM  MFBARS 


ESTIMATED  EFFORT  BY  PHASE  IN  MANMONTHS 


TOTA1  SYSTEM 


PRE-DES  DET-DES  CODE-UT  INT-TST  TOTAL  *DEMI  DEMI/MM 

9.0  25.5  22.0  30.8  37.4  134;'  153., 


BY  SUBSYSTEM 


S/S  IDENT 

PRE-DES 

DET-DES 

CODE-UT 

INT-TST 

TOTAL 

DEMI 

DEM  I /MM 

1  JTI 

.2 

.8 

1.2 

1 .  1 

3-3 

500 

151.2 

2  GPSM 

.  1 

.5 

.7 

.7 

2.0 

300 

151.2 

3  GPSH 

8-3 

23.  *• 

18.7 

27.7 

73.  1 

12000 

15^.6 

4  HF 

•  3 

.9 

1  .  4 

1.3 

4.0 

600 

151.2 

*DEMI-Del  iverable 
Executable 
Machine 
Instruction 
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Table  8-1.  TRW  Software  Cost  Estimating  Program  (Continued) 


BY  UNIT 

SUBSYSTEM  1  JTI 


UNIT  I DENT 

PRE-DES 

DET-DES 

C ODE-UT 

INT-TST 

TOTAL 

DEMI 

DEMI/:-: 

1  JTI DS 

.0 

.  2 

.2 

.2 

.7 

100 

151.2 

2  TACAN 

.  0 

.2 

.2 

.2 

.7 

100 

151.2 

3  IFF 

.0 

.  2 

.2 

.2 

.7 

100 

151.2 

4  I/O 

.0 

.2 

.2 

.  2 

.7 

1  00 

151.2 

5  EXEC 

.0 

.  2 

.  2 

.  2 

.7 

1  00 

151.2 

SUBSYSTEM  2  GPSM 

UNIT  I DENT 

PRE-DES  DET-DES 

C0DE-UT 

INT-TST 

TOTAL 

DEMI 

DEM  I  /MM 

1  GPS 

.0  .2 

.2 

.2 

.7 

1  00 

151.2 

2  EXEC 

.0  .2 

.2 

.2 

.7 

100 

151.2 

3  I/O 

'  .0  .2 

.2 

.2 

.7 

100 

151.2 

SUBSYSTEM  3  GPSH 

UNIT  I DENT 

PRE-DES  DET-DES 

CODE-UT 

INT-TST 

TOTAL 

DEMI 

DEMI/M.' 

1  MICRO 

8.3  23- H 

18.7 

27.7 

73.  1 

12000 

1  5  3  •  - 

SUBSYSTEM  4  HF 

UNIT  IDENT 

PRE-DES  DET-DES 

CODE-UT 

INT-TST 

TOTAL 

DEMI 

DEMI/: : 

1  HF 

.0  .2 

.2 

.2 

.7 

100 

151  .2 

2  VHP 

.0  .2 

.2 

.  2 

.7 

100 

15  1.2 

3  UHF 

.0  .2 

.2 

.2 

.  7 

ICO 

1  3  1  .  2 

4  SEEKTAI K 

.0  .2 

.2 

.  2 

.7 

100 

151.2 

5  EXEC 

.0  .2 

.  2 

.2 

.7 

1  00 

151.2 

6  1/0 

.0  .2 

.  2 

.2 

.7 

1  00 

151.2 
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Table  8-1.  TRW  Software  Cost  Estimating  Program  (Continued) 


VERSION  SCEPi.O 
DATE  10/12/78. 
SYSTEM  MF3ARS 


ESTIMATED  EFFORT  BY  PHASE  IN  DOLLARS 


TOTAl  SYSTEM 


PRE-DES 

DET-DES 

CODE-UT 

INT-TST 

TOTAL 

DEMI 

S/DEM  : 

54033 

153146 

131938 

185093 

524210 

13400 

39.  12 

BY  SUBSYSTEM 

S/S  IDEfIT 

PRE-DES 

DET-DES 

CODE-UT 

INT-TST 

TOTAL 

DEMI 

$  /  D  E  I 

1  JTI 

1495 

4626 

7066 

5653 

19845, 

500 

39.69 

2  QPSM 

897 

2776 

4239 

3995 

l  1907 

300 

39-69 

3  GPSH 

49346 

140192 

1 12154 

166450 

458642 

12000 

39-05 

4  HF 

1794 

5552 

8479 

7990 

2381  5 

600 

39-69 
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Table  8-1.  TRW  Software  Cost  Estimating  Program  (Continued) 

BY  UNIT 


SUBSYSTEM  1  JTI 


UNIT  IDENT 

PRE-DES 

DET-DES 

CODE-UT 

INT-TST 

TOTAI 

DEMI 

J/DFMI 

1  JTID3 

299 

925 

14  13 

1332 

3969 

1  00 

3  9-69 

2  TACAN 

299 

925 

1413 

1332 

3969 

100 

39-63 

3  IFF 

299 

925 

1413 

1332 

3969 

100 

39-63 

4  I/O 

299 

925 

1413 

1332 

3969 

100 

39.69 

5  EXEC 

299 

925 

1413 

1332 

3969 

1  00 

39.63 

SUBSYSTEM  2 

GPSM 

UNIT  IDENT 

PRE-DES 

DET-DES 

CODE-UT 

INT-TST 

TOTAL 

DEMI 

J/DEM  I 

1  GPS 

299 

925 

1413 

1332 

396Q 

100 

39.69 

2  EXEC 

299 

925 

14  13 

1332 

3969 

100 

39.69 

3  I/O 

299 

925 

1413 

1332 

3969 

100 

39.69 

SUBSYSTEM  3 

GPSH 

UNIT  IDENT 

PRE-DES 

DET-DES 

CODE-UT 

INT-TST 

TOTAL 

DEMI 

S/DEM  I 

1  MICRO 

49346 

140192 

112154 

166450 

468642 

12000 

39. C5 

SUBSYSTEM  4 

HF 

UNIT  IDENT 

PRE-DES 

DET-DES 

CODE-UT 

INT-TST 

TOTAI 

DEMI 

S/DEC 

1  HF 

299 

925 

1413 

1332 

3969 

100 

39.69 

2  VHF 

29  9 

925 

14  13 

1332 

3969 

100 

39-63 

3  U.4F 

299 

925 

14  13 

1332 

3969 

1  00 

39.63 

4  SEEKTAIK 

299 

925 

1413 

1332 

3969 

100 

3  9.6? 

5  EXEC 

299 

925 

1413 

1332 

3969 

100 

6  I/O 

299 

925 

14  13 

'  i  32 

3969 

1  00 

3  9  •  6  j 
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Table  8-2.  Price  Software  Model 


DiTc  10/12/78  TIME  14:07:48 


ASSEM 


FILENAME:  Mr  BARS 

DESCRIPTORS 

INSTRUCTIONS 

1403 

FUNCTIONS 

APPLICATION  CATEGORIES 
MIX 

DATA  S/R 

0.  0 

ONLINE  COMM 

0.0 

REA1TIME  CiC 

1 . 00 

INTERACTIVE 

0.  0 

MATHEMATICAL 

0.0 

STRING  MANIP 

0.0 

OPR  SYSTEMS 

0.0 

INPUT  DATA 


APPLICATION  0.0 
STRUCTURE  0.0 


NEW  DEVELOPMENT 
DESIGN  CODE 

1.00  1.00 

1.00  1.00 

1.00  I. 00 

1.00  1-00 

1.00  1 . 00 

1 . 00  1-00 

1 . 00  1.00 


DATED:  i/23/7; 


RESOURCE  A. COO 

LEVEL  0.0 

INTEGRATION  O.SCO 

SYSTEM  COMFIGJRATIO:: 
TYPES  .  wu'AN 
0 
0 
0 
0 

•  ••  • 

• t *  •»» 

III 


SCHEDULE 

COMPLEXITY  1.100 

DESIGN  START  AUG  8* 

DESIGN  END  0  ' 

SUPPLEMENTA1  INFORMATION 
YEAR  T93U 

MULTIPLIER  1.000 


IMPL  START  0 

I M PL  END  0 


ESCALATION  0.0 

PLATFORM  1.8 


Til  START  0 

Til  END  0 


TECH  IMP  i.:: 

UTILIZATION  0.50 


COST  ELEMENTS 

SYSTEMS  ENGINEERING 
PROGRAMMING 
CONFIGURATION  CONTROL 
DOCUMFNTATION 
PROGRAM  management 
TOTAI 


DESCRIPTORS 

INSTRUCTIONS 

1400 

FUNCTIONS 

16 

SCHEDULE 

COMPLEXITY 

1 .  100 

DESIGN  START 

AUG  84 

design  END 

NOV  84 

PROGRAM  COSTS 

IMPL 
I. 
7. 
1 . 
0. 
0. 
10. 

ADDITI0NA1  DATA 


DESIGN 

25. 

4. 
4  , 

3. 

2. 

38. 


APPLICATION  8.460 
STRUCTURE  0.0 


IMPL  START  SEP  64 
IMPL  END  JAN  65 

SCHEDULE  GRAPH 


21. 
6. 
10. 
4  . 
2. 
45. 


RESOURCE 

LEVEL 


Til  START 
Til  END 


AUG  34 


DESIGN  . . . 

IMPLEMENT  •»••»••••••»• 

. . .  TEST  i  INTEGRATE 


4 : 


i  f 

15 


v.  CUD 

0.0 


NOV  it 
APR 

APR  - 


*  D  O  O  U  *H 


mn»c 


Table  8-2.  Price  Software  Model  (Continued) 


A  S3  E  l 


DATE  10/12/75  TIME  14:09:14 


SENSITIVITY  DATA 


2.900 


3.000 


3.  100 


1 . 000 


COMPLEXITY 

1.100 


1.200 


COST 

MONTHS 

83. 

7.0 

COST 

MONTHS 

89. 

7.8 

COST 

MONTHS 

95. 

8.6 

COST 

87- 

:  COST 

93.  : 

COST 

100 . 

MONTHS 

7.  1 

:  MONTHS 

7.8 

MONTHS 

3.6 

COST  ■ 

90- 

COST 

97. 

COST 

104. 

MONTHS 

7.  1 

MONTHS 

7.9 

MONTHS 

5.7 

SCHEDULE  EFFECT  SUMMARY 


ACTIVITY  LENGTH  IN  MONTHS 


COMPLEXITY  =  1.100 

DESIGN 

IMPL 

T  4  I 

TOTAL 

SPECIFIED  SCHEDULE 

3.4 

3.7 

5.3 

7.5 

(OVERLAP) 

(  2.2) 

(  2 

4) 

TYPICAl  SCHEDULE 

3.4 

3-7 

5.3 

7.6 

(OVERLAP) 

(  2.2) 

(  2 

4) 

DEVELOPMENT 

COSTS 

COMPLEXITY  =  1.100 

DESIGN 

IMPL 

T  4  I 

T0TA1 

SPECIFIED  SCHEDULE 

38. 

10. 

45. 

93- 

TYPICAl  SCHEDULE 

38. 

10. 

45. 

93. 

ESTIMATED  PEN Al TY 

0. 

0. 

0. 

0. 

Table  8-2.  Price  Software  Model  (Continued 


Table  8-2.  Price  Software  Model  (Continued) 


HOL 


FILENAME:  MFBARS 


DESCRIPTORS 

INSTRUCTIONS 

12000 

FUNCTIONS 

0 

APPLICATION  CATEGORIES 
MIX 

DATA  S/R 

0.0 

ONLINE  COMM 

0.0 

REALTIME  C4C 

1 . 00 

INTERACTIVE 

0.0 

MATHEMATICAL 

0.  0 

STRING  MANIP 

0.0 

OPR  SYSTEMS 

0.0 

SCHEDULE 

COMPLEXITY 

1  .  130 

DESIGN  START 

AUG  84 

DESIGN  END 

0  ’ 

SUPPLEMENTAL  INFORMATION 
YEAR  1 93U 

MULTIPLIER  1.000 


DATE  10/12/73  TIME  14: 12:03 

INPUT  DATA 


APPLICATION  O.C 
STRUCTURE  O.C 


NEW  DEVELOPMENT 
DESIGN  CODE 

1 . 00  1 . 00 

1 . 00  1.00 

' . 00  1 . 00 

'•CO  1.00 

1.00  1 . 00 

1  •  00  1.00 

'.00  l.oo 


IMPL  START  0 

I M PL  END  0 


FS-Al  ATICN  C  .  0 
PLATFORM  1.3 


Mr  BARS 


DATED:  9/23/,’ 


RESOURCE  i.CO; 

LEVEL  C.C 

integration  0.500 

CCiLF  10  JR  A"-!  0.. 
QUANTITY 
0 
0 

0  ■ 

0 

I  M 
ft  ft  ft 
ft  ft  ft 


Til  START 
Til  END 


TECH  IMP  i , CO 

UTILIZATION  0.50 


SYSTEM 

TYPES 

0 

0 

0 

0 

•  ■  • 

•  <  • 

•  •  < 


COST  ELEMENTS 

SYSTEMS  ENGINEERING 
PROGRAMMING 
CONFIGURATION  CONTROL 
DOCUMENTATION 
PROGRAM  MANAGEMENT 
TOTAL 


DESCRIPTORS 

INSTRUCTIONS  12000 
FUNCTIONS  133 

SCHEDULE 

COMPLEXITY  1.100 

DESIGN  START  AUG  34 

DESIGN  END  MAR  85 


AUG  84 

UKiftftinift  DESIGN 


PROGRAM  costs 

DESIGN  IMPL 

'93.  10. 

35.  52. 

37.  15. 

33.  5. 

22-  5. 

324 .  57  . 

ADDITIONAL  DATA 

APPLICATION  6.463 
STRUCTURE  0.0 


IMPL  START  NOV  84 

IMPL  END  JUL  85 

SCHEDULE  GRAPH 


4  I 

TOTAL 

162. 

370. 

66 . 

'53. 

101  . 

152. 

45. 

;4  . 

23. 

4 ; . 

395- 

636  . 

RESOURCE 

LEVEL 


Til  START 
TAI  END 


J  A  ’«  “  ■_ 


FEP  B; 
JAN  t; 


IMPLEMENT 


TEST  4  INTEGRATE 


«  Wt^ODKUUl 


Table  8-2.  Price  Software  Model  (Continued) 


DATE  10/12/78  TIME  14: 13: 37 


MFBARS 


SENSITIVITY  DATA 


2.900 


3.000 


3. 100 


COMPLEXITY 


1.000  1.100  1.200 


COST 

MONTHS 

706  . 

15.5 

COST 

MONTHS 

767. 

17.3 

COST 

MONTHS 

831. 

19.  1 

COST 

7  **  3  - 

:  COST 

806.  : 

COST 

874. 

MONTHS 

15.6 

:  MONTHS 

17.4  : 

MONTHS 

19.1 

COST 

779- 

COST 

f- 

co 

COST 

916. 

MONTHS 

15.7 

MONTHS 

17.5 

MONTHS 

19.2 

SCHEDULE  EFFECT  SUMMARY 


ACTIVITY  LENGTH  IN  MONTHS 


COMPLEXITY  s  1.100 

DESIGN 

IMPL 

T  A  I 

TOTAL 

SPECIFIED  SCHEDULE 

7.5 

8.3 

11.8 

17. 4 

(OVERLAP) 

( 

4.8) 

(  5 

3) 

TYPICAL  SCHEDULE 

7.5 

3.3 

11.8 

17.4 

(OVERLAP) 

( 

4.8) 

(  5 

3) 

DEVELOPMENT 

COSTS 

COMPLEXITY  s  1.100 

DESIGN 

IMPL 

T  A  I 

TOTAL 

SPECIFIED  SCHEDULE 

324. 

87. 

395. 

806. 

TYPICAI  SCHEDULE 

324. 

87. 

395. 

806. 

ESTIMATED  PENALTY 

0. 

0. 

0. 

0. 
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Table  8-2.  Price  Software  Model  [Continued) 


f 


f 


I 

\ 


Table  8-2.  Price  Software  Model  (Continued) 


SYSTEM  INTEGRATION 

F ILENAMF :  MFBARS 


SYSTFM  INTEGRATION 
2ATF  10/12/7?  TIME  14:  16:55 

input  data 


DATED:  5 /2s/, ’ 


SCHEDULE 
COMPLEXITY 
DESIGN  START 

1  .  100 

JAN  65 

IMPL  START 

0 

Til  START 

DESIGN  END 

0 

IMPL  END 

0 

Til  END 

' 

SUPPLEMENTAL  INFORMATION 
YEAR  1934 

ESCAI  ATI  ON 

0.0 

TECH  IMP 

1 .  DO 

MULTIPLIER 

1.000 

PLATFORM 

1.8 

UTILIZATION 

0.50 

PROGRAM  COSTS 


COST  ELEMENTS 

DESIGN 

IMPL 

T  i  I 

TOTAI 

SYSTEMS  ENGINEERING 

23- 

1 . 

19. 

43. 

PROGRAMMING 

4. 

6. 

8. 

13. 

CONFIGURATION  CONTROL 

3- 

1 . 

9. 

'3- 

DOCUMENTATION 

3. 

0. 

4  . 

I , 

PROGRAM  MANAGEMENT 

2. 

0. 

2. 

- . 

TOTAL 

35. 

9. 

40. 

;4 . 

ADDITIONAL 

DATA 

SCHEDULE 

COMPLEXITY  '  1.100 

DESIGN  START  JAN  85 

IMPL  START 

FFB 

85 

Til  START 

MAR  c : 

DESIGN  END  APR  85 

IMPL  END 

JJM 

85 

Til  END 

3F?  5: 

JAN  85 


SCHEDULE  GRAPH 


DESIGN 


IMPLEMENT 


TEST  i  INTEGRATE 


SFP  65 
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Table  8-2.  Price  Software  Model  (Continued) 


SUMMARY  OF  SOFTWARE  DEVELOPMENT  TOTAIS 


PROGRAM  COSTS 


COST  ELEMENTS 

DESIGN 

IMPL 

T  A  I 

TOT 

SYSTEMS  ENGINEERING 

246. 

13. 

201  . 

45 

PROGRAMMING 

43. 

65 . 

82. 

i  9 

CONFIGURATION  CONTROL 

43. 

18. 

119. 

1  c 

DOCUMENTATION 

39. 

6. 

53- 

9 

PROGRAM  MANAGEMENT 

26. 

5. 

24. 

5 

TOTAL 

397. 

107. 

430. 

95 

SYSTEM  INTEGRATION 
DATE  10/12/78  TIME  14; 18:22 

SYSTEM  INTEGRATION  '  MFEA 


SENSITIVITY  DATA 


R 

E 

S 

0 

U 

R 

C 

E 


COMPLEXITY 


1.000  1.100  1.200 


COST 

75. 

COST 

80. 

COST 

85. 

MONTHS 

6.7 

MONTHS 

7.5 

MONTHS 

8.  3 

COST 

78. 

:  COST 

84.  : 

COST 

90. 

MONTHS 

6.8 

:  MONTHS 

7.5  : 

MONTHS 

3.  3 

COST 

82. 

COST 

83. 

COST 

54. 

MONTHS 

6.8 

MONTHS 

7.6 

MONTHS 

3.4 
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Table  8-2.  Price  Software  Model  (Continued) 


SCHEDULE  EFFECT  SUMMARY 


ACTIVITY  LENGTH  IN  MONTHS 


COMPLEXITY  =  1.100 

DESIGN 

IM  PL  Til 

T0TA1 

SPECIFIED  SCHEDULE 
(OVERLAP) 

3-2 

(2.1) 

3.6  5.1 

(  2.3) 

7.5 

TYPICAL  SCHEDULE 
( OVERl A  P ) 

3.2 

(2.1) 

3.6  5.1 

(  2.3). 

7.5 

DEVELOPMENT 

COSTS 

COMPLEXITY  s  1.100 

DESIGN 

IMPL  T  i  I 

TOTAL 

SPECIFIED  SCHEDULE 

35. 

9.  VO. 

8v. 

TYPICAL  SCHEDULE 

35. 

9.  «0. 

8V. 

ESTIMATED  PENALTY 

0. 

0.  0. 

0. 

SYSTFM  INTEGRATION 
DATE  10/12/73  TIMF  1V:20:27 


SYSTEM  INTEGRATION 


5  COMPLETED  $  EXPENDED  S  EXFr::OF. 


:  MONTH 

DESIGN 

IMPL 

T  i  I 

THIS  MONTH 

TOTAL 

THIS  MONTH 

TOTAL 

JAN  85 

IV. 7 

0.0 

0.0 

5.  l 

5.  1 

6.0 

5.0 

FEB  85 

70.3 

0.8 

0.0 

19.3 

2V.3 

22.9 

29.0 

MAR  85 

97.6 

27.  V 

0.0 

11.9 

36.2 

IV. 2 

v  3 . 2 

APR  85 

100. 0 

76.9 

1.8 

6.  1 

V2.  V 

7.3 

50.5 

MAY  85 

100.0 

99.7 

13.2 

6.7 

V9.  1 

8.0 

.  * 

JUN  85 

100.0 

100.0 

39.9 

10.7 

59.8 

12.8 

71.2 

JUL  85 

100.0 

100.0 

76.6 

IV. 8 

7  V .  6 

17.6 

33.6 

AUG  85 

100.0 

100.0 

99.9 

9.V 

8V.0 

11.2 

100. 0 

SFP  85 

100.0 

100.0 

100.0 

0.0 

8V.0 

0.  0 

100.0 

1 

mm 

0.0 

FOR  PROFILE  GRAPHS 

fl 

BS9 

0.  18 

RESPOND  OK  s  7 

9 

SHU 

1.93 

Table  8 


2.  Price  Software  Model  (Continued) 


OcDIT  MFBARS  DATA 
E  >7* 

TCF : 

AS5EM 

MFBARS 

9/23/73 

1400  03-0000.5 
0  0  10  0  0  0 
0  0  10  0  0  0 
0  0  10  0  0  0 
0  0  0  0 

0  0  0  0 

1 . 1  834  00000 
1 934  0  1  1  1.8.5 
HOL 

MFBARS 

9/23/78 

12000  0  3.0  0  0  0  .5 
0  0  10  0  0  0 
0  0  10  0  0  0 

0  0  1  0  0  0  0 

0  0  0  0 

0  0  0  0 

1.  1  884  0  0  0  0  0 

1 984  01  1  1.8.5 

SYSTEM  INTEGRATION 

MFBARS 

9/23/73 

$ 

1.1  185  0  0  0  0  0 
15-34  0  1  1  1.8  .5 
EOF : 

E  > 
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Table  8-3.  Logistics  Support  Cost  Model  Program  (Mini) 
Phase  I  -  Baseline 


MF  SUBSYSTEM 
4  LRU'S 
9  HbE  ITEMS 

SUBSYSTEMS  LRUS  AGE  ITEMS  SOFTWARE 
TOTAL  14  9  4 

MAX  30  300  200  100 

TOTAL  SYSTEM  COST  (IN  MILLIONS)  IS  S  2.21 


SUBSYSTEM 

COST 

FRACTION  DF 
TOTAL  COST 

MF 

1  .3060E+06 

.5909 

SUBSYSTEM  MF 

LRU  NAME 

COST 

FRACTION  01 

SUBSYSTEM  Cl 

PRD 

6 .  9621E+G5 

.5331 

HF 

2.4375E+05 

.1966 

L-B 

2.4375E+05 

.1366 

UHF 

1 .2227E+05 

.  0936 

1  SYSTEM  COST  BY  EQUATION 

Cl  =  1 . 089309E+06  C3  *  7 . 1 15497E+04  C5  =  1.450000E+05 


1 


SUBSYSTEM  COST  BY  EQUATION 


Table  8-3.  Logistics  Support  Cost  Model  Program  (Mini)  (Continued) 
Phase  I  -  Baseline 

SUBSYSTEM  MF 


Cl  = 

1  .  0898 09E+06 

C3 

= 

7.115497E+04 

C5 

= 

1  .450000E+05 

LRU 

PRO 

Cl  = 

4  .S45614E+05 

C3 

S 

6  .664446E+04 

C5 

= 

1  .450000E+05 

LRU 

HF 

Cl  = 

2.420992E+G5 

C3 

= 

1  .647504E+03 

C5 

= 

0. 

LRU 

UHF 

Cl  = 

1  .21 0496E+G5 

C3 

s 

1  .215504E+03 

C5 

= 

0. 

LRU 

L-B 

Cl  = 

2.42Q992E+05 

C3 

= 

1  .647504E+03 

C5 

= 

0. 

TOTAL  SOFTWARE  COST  IS  S  904275.00 

SOFTWARE  ACQUISITION  COST  =  *  655500.00 

SOFTWARE  SUPPORT  COST  =  $  24S775.00 


PACKAGE 

MAN  MONTHS  TO 
PROGRAM 

NUMBER  OF  MEN 

TO  SUPPORT  IT 

COST  OF  SUPPORT 
PROGRAMMERS 

GPSF 

24 

♦ 

144  0 . 00 

HF 

6 

♦ 

180.00 

JIT 

CT 

♦ 

150.00 

GPS  A 

3 

♦ 

9  0 . 0  0 

1  ACE  BREAKOUT 


AGE  NAME  TOTAL  BASE  AGE  TOTAL  DEPOT  AGE 
REQUIREMENT  REQUIREMENT 


PRO-AGE 

.04 

<! 

20) 

.  03 

< 

1 ) 

CARD  1 

.00 

< 

0) 

.  03 

< 

1  > 

CARD  2 

.00 

< 

0) 

.03 

< 

1  > 

XMTP  AGE 

.00 

< 

0) 

.  00 

< 

0) 

CARD  3 

.00 

(. 

0) 

.00 

0> 

Table  8-3.  Logistics  Support  Cost  Model  Program  (Mini)  (Continued) 
Phase  I  -  Basel ine 


LIST  ?Ml 

1 ?  36  0 0  0 0 0  . ?  35 0 0  0 .  ?  1 45 .  1 1 • 1 45 . 1 1 ? 1 . 6£ ? 0 . 76 ? 1 04 . £ 0  < 1 04 . 

£  0 .  ?  1 7 . 63  ?  .  16?  .31?  .90?  .  001?  1 7£8  •  ?  1 7£8 .  ?  .  £4  ?  .  08  ?  .  £5  ?  .  £ 
SDFTWftPE ?  . 1 5 «  6  0  0  0 . «  1 5 0  0  0 . ?  . 5  ?  4 
•JIT  ?  5 .  ?  1  0 0 .  ?  1  0 0 .  ?  0 .  0 05 
GPS ft? 3. ? 1 00. ? 1 00. ?  0. 005 
ij'  F  _  F  «  10.  ?  1  c!  0  0 .  ?  — •  U  U  •  ?  0  *  n  1 
HF  ?  6 .  ?  1  0  0 .  « 1 0  0 . ?  0 . 0  05 

HF ?  0 . ?  0  •  ?  0  .  ?  0  •  ?  0 • 

16. 4£ ?  3c .  6£ ?  0 . ?  0 .  ? 1 68 . ? 1 68 . ? 1 . £5 • 0 . ?  4 
PRO ?  16700.  ?  19200.  ?  £ .  5 »  £ .  5 ?  0 .  ?  0 .  ?  0 .  134?  1 .  V 3 ?  £ 0 .  ?  1 . 

. 01 ? . 01 ?  0.15? 0.85? 0. 01 ?  0. ?  0. ?  0. ? 1 ?  u.  *  3 

PPd-ftGE  ?  5  0  0  0 . ?  5  0  0  0 . ?  0 . ?  0 . ?  0 . 1 £5  ?  . 9  ? . 0£ 

CftPD  1  ?  0. ?  £ 0 0 0 0 . ?  0 . ?  0 . ? 1 . ? . 93 ? . 02 

CftPD  £  »  0.  ?  £0000.  «  0.  ?  0.  ?  1  •  ?  .  98?  .  0£ 

HF  ?  5*0  0  0 0  0 .  ?  1  £  0 0 0 .  ?  £ .  5 ?  £ .  5  ?  0 .  ?  0 .  ?  0 .  1 34 ?  1 . 73  ?  1 6 .  ?  1 . 

. 0 1 ? . 0 1 ?  0.15? 0 . 85  ?  0 . 0 1 ?  0 . ?  0 . ?  0 . ? 1 ?  U . ?  £ 

XHTP  ftGE • 5  0  0  0 . ?  5  0  0  0 . ?  0 . ?  0 . ?  0 . 1 6  ? . ft£ ?  0 . 02 
CftPD  3  i  0.  ?  £0000.  ?  0.  ?  0.  ?  1 .  ? .  9  ? .  0£ 

UHF  ?  5  0  0  0  0  0 .  ?  6  0  0  0 .  ?  £  •  5  ?  £ .  5  ?  0 .  ?  0 .  ?  0 .  1 34  ?  1 ,  }■  ?  1 6 .  ?  1 . 

. 0 1 ? . 0 1 ?  0 . 15?  0 . 35  <  0 .01? 0  ?  0 . ?  O . ? 1 ?  0 . ?  £ 

XHTP  HGE ?  5 0 0 0 .  ?  5 0 0 0 .  ?  0.  •  0 •  • .  16-  ?  .  8£  ?  0 .  0£ 

CftP D  3  ?  0 .  ?  £  0  0  0  0 .  ?  0 .  ?  0 .  ?  1 .  ?  .  9  ?  .  02 

L-E?  500000. ? 12000. ?£. 5?£. 5? 0. ?  0. ?  0. 134? 1 . ? 3? 16. ?  1 . 

.  0 1  ? .  0 1  •  0 .  1 5 «  .  85 «  0 . 0 1 ?  0 . ?  0 . ?  0 . ? 1 ?  0 . ?  £ 

XMTP  FiGE«5000.  ?5000.  ?  0.  ?  0.  ?  0.  16?  .;?£?  0.  0£ 

CftPD  £  ?  u.  ?  £ 0 0 O O .  ?  u .  ?  0 •  ?  1  •  ? .  9  ?  .  0£ 
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Table  8-3  contains  the  computer  output  data  and  the  input  data  base 
for  the  baseline  configuration.  The  original  input  data  sheets  are 
contained  in  Table  8-4,  and  include  the  input  values  and  definition  of 
terms.  Government-furnished  and  government  standard  values  were  obtained 
from  several  sources.  Total  force  operation  hours  over  the  program  life 
(TFOH)  was  adapted  from  the  customer  PRICE  model  usage.  PSO  and  PSC, 
average  packing  and  shipping  cost  for  overseas  and  CONUS,  Base  Labor  Rate 
(BLR)  and  Depot  Labor  Rate  (DLR)  were  derived  from  a  July  21,  1978  letter 
containing  MFBARS  price  guidelines.  Some  of  the  values  contained  in  the 
data  sheets,  but  not  actually  used  in  the  Mini  program,  were  taken  from 
the  Version  2.0  model. 

The  results  were  as  follows: 

•  Cl  -  Initial  and  replacement  LRU  spares  cost  for  the  system: 

$1.09  M 

•  C3  -  Off  equipment  maintenance  cost:  $71 . 15K 

•  C5  -  AGE  cost:  $145K 

•  Software  acquisition:  $655,500 

•  Software  maintenance:  $248,775. 

The  model's  output  suggests  a  maintainability  concept:  that  each 
base  be  provided  with  an  LRU  test  set  for  the  processor,  but  that 
because  of  the  transmitter' s  high  MTBF,  none  be  provided  for  the  trans¬ 
mitters.  Likewise,  at  the  depot,  the  model  suggests  an  LRU  test  set  for 

the  processor  and  the  analog  and  digital  cards  that  are  a  part  of  the 
processor,  but  no  test  set  for  the  transmitter  LRUs  or  their  module  test. 

8.2.4  TRI  TAC  Life  Cycle  Costs 

The  TRI  TAC  model  output  (Table  8-5)  is  composed  of  the  annual 
operating  and  support  costs  (dollars),  the  Life  Cycle  costs  (thousands 
of  dollars),  and  a  listing  of  the  input  cost  element  values  (sheet  2). 
Table  8-6  is  a  list  of  the  input  cost  elements  and  their  definitions. 
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Table  8-4.  Input  Cost  Elements  Mini-LSC  Baseline  System 

System  Variables 

First  of  two  system  data  lines 


MTA  KUSH  MASS 

NSUB 

AJC.  Cf  ««J  4y  S 

TFFH 

TC7AL  *r£4L*Tt  OAJ 

He s.  rt-cc>.  ate 

PFFH 

pet*.  tk>tx.e  or.  rte± 

pejL. 

LAC 

£s> 

1PC 

PSO 

6s) 

PSC 

- 

rs) 

RAC 

fs) 

RPC 

TD 

PIUP 

c/p£  /aj  yc* 

^5> 

£  =  G*V'T 


&  -  Gp\ /'t  srb  r/ttaG. 


Af  ■  /AJ  A 4)/J\  P0O4. 


VAL  t)£ 


/.6Z 


.76 


Table  8-4.  Input  Cost  Elements  Mini-LSC  Baseline  System  (Continued) 

Variable* 

Second  of  two  system  data  lines 


- 

ttAtA  tLUUXT  HAM 

1 

AJO,  0p  Of£-<AT.*>C, 

M  Aa  St 

2 

SA 

($) 

3 

TR 

(s) 

B 

OSTCON 

(S) 

5 

OSTOS 

(S) 

B 

&rA^>o/HU>  etc. 

EBO  £xPc<V £-b  HAc-C-eC  i>Af 4 

B 

PMB 

Cs) 

8 

PMD 

£s> 

9 

MRF 

10 

MRO 

(*) 

11 

A  Tjcaj  g-j-ipusyf-S* 

OS  S 

(*) 

12 

SR 

fs> 

Z0. 


J  7.  £  3 


.  /£> 


.3} 


.  qo 


.00  i 


nz  e 


/7ze 


.2+ 


.6& 


Table  8-4.  Input  Cost  Elements  Mini-LSC  Baseline  System  (Continued) 


Software  Constants 


Software  Header  Data  Line 


BATA  BlMfMT  KAMI 


VALUE 


"SOFTWARE"  (characters  must  appear  in  qol'e  1-8) 


fW  <■*•«>.  J-1A1  >  i.o 

OVERHD  (may  not  appear  left  of  colunkn  10)  »/5" 


CtnT/HM  ret.  * 

CP  MM  COO. 


to 


TRAIN  p/u>*<./ +»+<£& 


pe*t>c  SLA-**)-*  6-rc. 

TRNOVR  Tu£*jej**  (LA-rt 


Ale.  //  P<£i-  /aj  K>*it+i 

KT  p£x>e,.  4r n,ze><£*^  oo* 


/£"  ooo. 


Table  8-4.  Input  Cost  Elements  Mini-LSC  Baseline  System  (Continued) 

Software  Package  Variable* 

One  Line  per  Package 


VALUe 


Package  Name  (4  character*  max  -  mail  bd  in  col'*  1-4} 


fjc,  er  uu'Tl  CO  j 

NOUNIT  (may  not  begin  left  of  column  6) 


/4-i/.  cf  A&Lf  c  u*Jir 

AVGSI2  *  ?*•*■  r/f->a.s  u  ***■  *</*  ^£<. 


-  CjH-i 

INSTMM  ;  *£** 


4%  o*  /4j*rd>  r&  Ac 

CRATE  £>.  r* 


TIT 

£PS/» 

IT. 

V 

too . 

too. 

/DO. 

/oo. 

.oo  tr 

.OO'T 

Table  8-4.  Input  Cost  Elements  Mini-LSC  Baseline  System  (Continued) 
Subsystem  Variables 

Second  Of  Two  Subsystem  Data  Lines 


- 

Mata  iu*m?  mam 

VALOC 

m 

BLB  (S) 

Jb,  HZ 

2 

DLR  C±) 

3 Z-  6>Z 

/Do.  r  F  fC.  w  a  C,  G 
JJ  TsC.‘i 


/a**"  AC£.  *  . 
BAA  '  t. 


SMH 

ftM.  HH  TV  P6-tLF.  i£~ri£.D  M*  /*.  7. 

c 

SKI 

/tJ7&£*’At-  /K! 
ef6*j+-n*)c,  M£.t. 

N 

/Lie .  ef  4.Au'i  S*Jf>  &*sr&pi 

s. 


/b8 


/(>8 


Z 


Table  8-4.  Input  Cost  Elements  Mini-LSC  Baseline  System  (Continued) 


LKU  Variables 

First  Of  Two  LRU  Data  Lines 


0«tA  ftlMHT  KAMI 

LRU 

Name  (three  characters  -  must  be  lr 

MFTBMA  (May  not  appear  left  of  column  5 

UC 

(  ■  r  r  -  /*•  T*SH.  PAo.'' 

BMH 

/ht  Mh  To 

P/U/t-T  /S 04.ATP /AOS/OttC.  4.  A  u 

DMH 

S/+~1e  A*  &rt  H 

OA/er 

IMH 

At'-  A*W  -  G0**P*-TtV& 

HAttjT.  /a)  PlacA 

RMK 

Am  TO  P£ho.£./ 

Wf/4ci  t-Ali 

BRCT 

Av.  PA+A-.C. 

C*tL£  Tt**i£.  (MtL.ru  si 

DRCT 

Av  >e-/r  r  AeAA*tL 

CvclC.  T.~i£- 

W 

ii AjjT  tL/Cl&MT} 

UP 

t-£u  uT'C' iAT to*)  P  Ac-To/Z. 

Cl>4J'-T*1-~T  UL£ *C£-  *  /.  C 

/cmA-  uTn.itA~tfn  •  a.  to 

P/ZO 


JU  loo 


ZOO 


Z.  S' 


Z. 


0 


O.l 


5 


Z 


/ 


OHP 


S~CO  O0O  &0O  000  €“OC  000 


/  Zooo  (,000  !Z  OOO 


z 


z. 


o 


V 


/.  73 


/.  73 


3 


/* 
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Table  8-4.  Input  Cost  Elements  Mini-LSC  Baseline  System  (Continued) 


AC*. V.  V.trulilct 

One  Data  Line  Per  ACC  Item 


At 

M 

M 

At 

At 

At 

M 


- 

OAU  lux  (XT  toil 

1 

AGC  Item  Name  (8  characters  max  -  must 

se  In  col's  1*8 

2 

toir/iixir 

CAB  *<£-&*■**£■  (may  not  appear  left  of  colu 

mn  10) 

3 

**Vr-»6  -  b 6-PoT 

CAD 

4 

/hjA>4j/*t.  oc, r  r»  cpcaj+ts.  /*■  ujj>t  o* 

COB  AG£.<S'&*±£ 

5 

<♦-*>  Doe.- 

COD 

6 

tivac  /  MU*7  t*r4u£  MW- 

BfJrR  uT**.i  »**••>  A  a.  re  [  &£Mc  ferity  j 

7 

t>6-p.T  a£«/a<-  / /WLi^r  \ 

DUR  ur<tiMr»-  £  »>n- ■  -  gx/-  ) 

a 

•/a  DC  —  ».  ~t*iC  FvA-  *  ujJ'T  *f-  SKd. 

DOWN  *vt  A**- 

/ 

PC/>-  AC,? 

mure.  Ac,e 

CA4.&I 

C.AA.&  Z 

£/4*.t>  3. 

z 

tr  pa  o 

5" 

O 

0 

O 

3 

5*” 0 

&0OO 

ZO  coo 

Zo  ooo 

ZO  ooo 

9 

O 

o 

o 

o 

o 

6" 

0 

o 

0 

0 

O 

C 

,/zr 

.  /6 

/. 

/. 

/. 

7 

*  9 

.9 

.94 

, 

.94 

£ 

.cz 

.  <92 

.OZ 

.<92 

.<92 
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Table  8-4.  Input  Cost  Elements  Mini-LSC  Baseline  System  (Continued) 


LRU  Variable* 

Second  Of  Two  LRU  Data  Lines 


oat*  U«M  HUI 

■4v>.  /■»*  n&tv/Vc  <^s  r  /&a^£.  /te  r,c+s  - 

BMC  fe*AC-r>otJ  Ar  utJtT  Cf*r  *A  1-til 

DMC 

*/*—-!*-  >4S  A/-f£  *=e>A.  B4AT. 

RTS 

^ a a<-T' e •>  /A  £-£->■* t.w.i 

G>  i-£-S&L. 

NRTS 

f*. s*-T.e~  Af 

ejzr.  r»  »  e-tor  fv*.  rts-f*’*- 

COND 

f  >-t+-c. .T't-J  A/**c  i2-£*~ic..+i-£ 

t-C  i—iuO-O 

RIP 

p 0  ^  f  ‘  1  oF  C  R£-£> . 

fL&> /+*<*£>  s*J  Pt-A^C 

PA 

JUA.  A  A  JL>S-*o  "  P”  e-0OtS-O 

Z£f*iASi- /£  £ 

PP 

A>i* .  aJ£-~>  '  A  •  cob£C» 

C*  Z 

QPA 

M.  cf  s****Z.  lift'd  tfla  /*-  */  s 

SP 

yu*.  *<*  tcro.  /V«*e.r> 

•  0  t 


.0  / 


5* 


,  <9  I 


VC,  fi*  A <t£  L. 


£ 

L’& 
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Table  8-5.  Phase  I  Baseline  TRI  TAC  Life  Cycle  Costs 


10s  16' 78. 


BASELINE  life  cycle 

0 

0  ANNUAL  □  &  S  COSTS  IN  * 

-  ELECTRIC  POWER 


COSTS 


0  SPECIAL  MATERIAL 
0  OPERATOR  PERSONNEL 
0  OPG .  MAINT.  PERSONNEL 
0  I NT.  MAINT.  PERSONNEL 
0  DEPOT  MAINT.  PERSONNEL 
0  TOTAL  MAINT.  PERSONNEL 
0  SUPPORT  EQUIP.  MAINT. 

0  SOFTWARE  MAINTENANCE 
0  SUPPLY  PERSONNEL 
0  SPARE  PARTS  *  REPAIR  MATERIAL 
0  INVENTORY  MANAGEMENT 
0  INVENTORY  HOLDING 
0  INVENTORY  ADMINISTRATION 
0  TRANSPORTATION 
0 

0  LIFE  CYCLE  COSTS 

-  R  8,  D  ESTIMATE 


£4 

135 


.38 

.33 


1540.00 

1656580.79 


IN 


0  INVESTMENT-NON-RECURRING 
0  INVESTMENT-RECURRING 
0  TOTAL  INVESTMENT 
0  OPERATIONS 
0  LOGISTICS  SUPPORT 
0  OPERATIONS  &  LOGISTICS  SUPP .  TOTAL 
0  TOTAL  LIFE  CYCLE  COST 


£0740.00 
49 £  0 0 . 00 

245 .  i  Is! 
£6233 . 07 


£4573.16 
0.00 
0 . 0  0 


558526 . 02 
7  0  0  0 . 0  0 
£48775 . 00 
6  .£9 
7133.55 


1693130 


44  05.50 


69940. 0 0 


£6468 . 79 
100314.39 
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Table  8-5.  Phase  I  Baseline  TRI  TAC  Life  Cycle  Costs  (Continued) 


PI 

R£ 

P3 

P4 

P5  = 

R6 

P? 

PS 

R? 

P10 

Pll 

P 1  £  <  1  >  = 
Pl£<r£>  = 
R 1  £  <  3  >  = 
Rl£<4>  = 
P13  ’  = 

R14, 

R15 

R16 

PI? 

P 13  = 
PI?  = 
P£0 


INPUT  COLT  ELEMENT  VftLUES 


360.00 
5.00 
1  .1? 
10.00 
5.00 
1  0 . 0  0 
£3.00 
•  4o 

1  000.00 
0.00 
0.00 
0.00 
3.00 
1  .00 
0 . 0  0 
68.00 
l£30G . GO 
.£50 

60606.00 
£.00 
4?£00 . 00 
1000.00 
85 .00 


Pel 

5 

.14 

R65 

= 

.  047 6 

E££ 

S 

0 . 0  0 

R66 

= 

.  0004 

P£4 

S5 

0 . 0  0 

R6? 

= 

4  0 . 0  0 

P£5 

S 

0.00 

R  71 

= 

5 . 0  0 

P£6 

s 

1  S  •  4  c 

R72 

= 

?5 . 0  0 

P£7 

s 

5.00 

F:75  . 

as 

0 . 0  0 

P£S 

=1 

16  .4£ 

R76 

= 

0 . 0  0 

P£? 

= 

70000. 0 0 

TF 

- 

J: 

R50 

s 

0.00 

R78 

= 

0 . 0  0 

P51 

a 

0.00 

R7? 

= 

0 . 0  0 

R52 

9 

0.00 

:<<:i> 

= 

1 07 0 . 0 0 

P53 

- 

0.00 

X  <  £  > 

ss 

77  u  .  0 0 

R54 

a 

0.00 

x  <  3  > 

= 

53 0 . 0 C 

R55 

0 . 0  0 

X<4> 

= 

4*z  u  .  0  u 

R56 

s  ' 

102400.00 

Y(l) 

s 

7£ 0  .  u 0 

R5? 

s 

3750000.00 

V(£> 

= 

4 £  0  .  I.' 

P58 

S 

1 06  0  0 0 0.00 

Y<3> 

= 

1 3  0 . 0  0 

R59 

- 

0.00 

Y  (  4  > 

= 

110.00 

P6  0 

35 

5.00 

UP 

s 

T 

R61 

SS 

17.00 

R80 

= 

t£,F,c,«r.  0  h  .  1.  v 

R6£ 

s 

•  IS 

P81 

s 

£43775  . -■ 

P63 

a: 

£5 . 0  0 

INVR 

s 

T 

P64 

- 

1500.00 

IMVN 

— 
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Table  8-6.  Phase  I  Baseline  TRI  TAC  Input  Cost  Elements 


Cost 

Element 

Definition  (Units} 

R1 

±LC. 

Operating  hours  (hrs/year)  P££  SYS Tt M 

R2 

S. 

Depot  Overhaul  Race  (Z) 

R3 

I.i*l 

Transportation  Cost  Factor  ($/lb.) 

R4 

to. 

Support  Equip.  Maintenance  Factor  (Z)  o/6 

R5 

i' 

Repair  Material  Cost  Factor  (Z) 

R6 

/£>. 

Years  of  Operation 

R7 

23. 

Holding  Inventory  Factor  (Z) 

R8 

.h£ 

Pover  Cost  ($/kvh) 

R9 

/  coc. 

Equipment  Quantity  (#) 

RIO 

C. 

Ho.  Operators/equlpoent  (#) 

Rll 

c. 

Annual  Operator  Cost  ($/yr.) 

R12(1)  C. 

No.  of  new  FSN,  value  greater  than  $25,000 

<*> 

R12(2)  3. 

Ho.  of  nev  FSN,  value  •  $10,000  to  $24,999 

(#) 

R12(3)  /. 

No.  of  nev  FSN,  value  -  $2,500  to  $9,999 

(#) 

R12(4) 

No.  of  nev  FSN,  value  less  than  $2,500 

(#) 

R13 

&>£. 

Equipment  Weight  (lbs.)?£R  s*sr£M 

R14 

1 2  toe. 

Avg.  Replacement  Assembly  (LRU)  cost  ($) 

R15 

,2i" 

KTTR  (Org.  level)  (hra.) 

R16 

bC  i-CL.oo 

KTBF  (hra.)  op 

R17 

2.c 

LRU  MTTR  (Int.  or  Deport  Level)  (hra.) 

R18 

H*fZoo. 

Unit  Production  Cost  Eat.  ($)P£2 

R19 

/  oo  o. 

Qu  i.Ttity  Used  for  UPC  Eat.  ( P&icb  ce^r) 

R20 

Learning  Curve  Slope  (Z) 

R21 

.  /  v 

Pover  Rating  (kv) 

R22 

c. 

Preventative  Maintenance  (hr./yr.) 

R24 

o. 

Material  No.  1  Consumption  Rate  (units/yr. /equip 

R25 

c. 

Material  No.  1  Coat  ($/unit) 

R26 

ti>. 

Org.  Level  Maintenance  Personnel  Cost  ($/hr.) 

R27 

S'. 

Discard  Rate  (Z) 

R28 

Int.  Level  Maintenance  Personnel  Cost  ($/hr.) 

R29 

76  OOO. 

Common  end  Peculiar  Support  Equip.  Cost  ($) 

R50 

D. 

Operational  Facilities  ($) 

R51 

0. 

Equipment  Leaseholds  ($) 

R52 

c. 

Ocher  Operating  Costs  ($) 

R53 

e. 

Maintenance  Facilities  ($) 

R54 

e>. 

Contractor  Services  ($) 

R55 

c . 

Supply  Facilities  ($) 

R56 

tp  Z  HOC. CC. 

Other  Logistics  Support  Costs  ($) 

R57 

3  7 -6 etc  oo. 

R  &  D  Estimate  ($) 

R58 

/  o  to  ooo. 

Other  Non-Recurring  Investment  Costs  ($) 

R59 

0. 

Other  Recurring  Investment  Cokts  ($) 

R60 

S'. 

Transportation  Cost  Factor  (Z) 

R61 

/  7. 

Vt.  of  Avg.  LRU  (lbs.) 

R62 

./3 

Vt.  of  Repair  Parts  (lbs.) 
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Table  8-6.  Phase  I  Baseline  TRI  TAC  Input  Cost  Elements  (Continued) 


Cost 

Element 

R63 

Z>. 

R64 

/  C’C 

R65 

R66 

,  000  + 

R67 

R71 

R72 

R75 

0 

R76 

c 

R78 

0 

R79 

0 

X(l> 

tone. 

X(2) 

7  ?£• 

X(3) 

6‘&e. 

X(4) 

+n,o. 

Y(l) 

7  £C. 

Y(2) 

*4  Z~c. 

Y(3) 

i  3,0. 

Y(4) 

I  1  o. 

R80 

R81 

^  +S  7  7tT 

Definition  (Units') 

Diet  A  (Org.  to  Znt.  Level)  (mi.) 

Diet  B  (Int.  to  Depot  Level)  (mi.) 

Transportation  Factor  A  ($/lb./mi .)&£<;.  rv  ior.[Rz/fZci] 
Transportation  Factor  B  ($/lb.  /mi.  ),ur.  r»  oe+cT  L  £i/ nn J 
Hon -Recurring  Investment  Coat  Factor  (^) 

P2  (X  of  failures  assigned  to  Int.  level  for  repair/ 
discard)  ( 1 ) 

F3  p,  of  failures  assigned  Depot  level  for  repair/ 
discard)  (1) 

Material  Ho.  2  Consumption  Rate  (units/yr. /equip. ) 

Material  Ho.  2  Cost  ($/unlt) 

Special  Materials  Cost  ($)£/=£  ££rc..  *joT  lueu..  jki 
Transportation  to  and  from  Exercises  ($) 

First  year  cost  of  nev  FSN,  value  greater  than  $25,000  ($) 

First  year  cost  of  nev  FSN,  value  $10,000  to  $24,999  ($) 

First  year  cost  of  nev  FSN,  value  $2,500  to  $9,999  ($) 

First  year  cost  of  nev  FSN,  value  less  than  $2,500  ($) 

Annual  recurring  cost  of  nev  FSN,  value  greater  than 
$25,000  ($) 

Annual  recurring  cost  of  nev  FSN,  value  $10,000  to 
$24,999  ($) 

Annual  recurring  cost  of  nev  FSN,  value  $2,500  to 
$9,999  ($) 

Annual  recurring  cost  of  nev  FSN,  value  less  than  $2,500  ($) 

Softvare  Procurement  Cost  ($) 

Softvare  Maintenance  Cost  ($/yr.) 


Additionally,  four  pseudo-cost-elements  have  been  added  to  the  list 
of  variables: 

TF  -  Informs  program  hov  annual  transportation  costs  (R44)  are  to  be 
calculated. 

UP  -  Informs  program  whether  unit  production  cost  (R49)  is  to  be  com¬ 
puted  according  to  the  model  or  overridden  by  the  user. 

IKVN  -  Indicates  whether  or  not  the  cost  estimating  relationship  for 
computing  investment-non-recurring  costs  (R45)  has  been  overridden. 

XNVR  •  Indicates  whether  or  not  the  cost  estimating  relationship  for 
computing  investment-recurring  costs  (R46)  has  been  overridden. 
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The  total  life  cycle  cost  of  $100,814,290  over  the  10-year  life  of 
the  program  appears  to  be  a  credible  value  since  total  operations  and 
logistics  support  costs  are  26%  of  the  LCC  cost,  a  good  ballpark 
number,  and  the  fact  that  some  values,  such  as  R&D  estimate,  software 
costs  and  recurring  investment,  are  taken  directly  from  input  data  and 
are  not  modified  by  the  model. 

8.2.5  PRICE  Life  Cycle  Cost 

The  PRICE  input  worksheets  (Table  8-7)  given  to  the  customer  are  the 
basis  for  the  PRICE  LCC  model  printout  included  as  Table  8-8. 

The  two  LCC  models,  PRICE  and  TRI  TAC,  are  compared  in  Table  8-9. 

It  is  interesting  to  note  that,  although  the  two  models  predict  an  LCC 
that  is  very  close  in  value,  the  emphasis  is  shifted  between  acquisition 
and  support  costs.  The  PRICE  support  cost  of  $12 . 25M ,  only  10.5%  of  the 
total  LCC  of  $1 16. 6M,  appears  low;  whereas,  the  25.8%  figure  predicted 
by  TRI  TAC  seems  more  reasonable. 

The  input  data  base  used  for  the  two  models  is  compared  in  Table  8-10. 
Probably  the  largest  significant  data  difference  is  that  of  MTBF.  TRW 
feels  that  the  MTBFs  used  by  PRICE  are  low,  not  only  in  today's  world, 
but  especially  so  for  1983  technology. 

8.3  PHASE  I  ALTERNATIVE  ARCHITECTURES 

Two  alternative  architectures  were  evaluated  for  logistic  support 
and  life  cycle  costs. 

Alternate  "A",  a  hybrid  configuration,  is  depicted  in  Figure  8-2. 

The  LSC  model  output  is  shown  in  Table  8-11  and  the  TRI  TAC  output  in 
Table  8-12. 


Table  8-7.  Phase  I 


PRICE  System 
Input  Worksheet 

—  ECIRP 

item 

Date 

QTY* 

PflOTOS 

wr‘ 

VOL* 

MODE 

General 

/£>0O 

/£> 

zo 

*.*z 

/ 

WS* 

MCPLXS 

PRODS 

NEWST 

OESRPS 

Mechanical/ 

Structural 

Z.L 

0 

0 

— 

— 

USEVOL*  * 

MCPLXE 

PRODE 

NEWEL 

06SRP6 

Electronics 

,70 

0 

0 

— — 

— 

ENMTHS 

ENMTHP 

ENMThT 

ECMPLX 

PRNF 

Engineering 

— 

— * 

— 

— * 

prmth; 

PRMTMF 

LCURVE**' 

5CN6 

ECNS 

Production 

— 

/  9o 

— 

— 

AVCOST* 

TECOST 

TMCOST 

LCN ’ *  * 

Additional  Oata 

/a.o 

— 

0 

tear’ 

Global 

PLTRM  * 

SYSTEM 

PPROJ 

POATA 

PTLGTS 

/.£ 

l _ 

/ 

/ 

/ 

Notes: 


•Mandatory  input.  Modes  (For  User  Reference  Only  —  Input  Optional) 

•'Mandatory  input  for  E/M  Item.  1.  E/M  ITEM 

•••Input  for  either  LCURVE  or  LCN  is  mandatory.  2.  MECH.  ITEM 


Table  8-7.  Phase  I  (Continued) 


1 


PRICE  System 
Input  Worksheet 


"em  A'A  y^tr/Z) 


QTY 

PPOTOS 

WT 

VOL 

MCr: 

General 

/a 

/£ 

4.  VZ 

/ 

QTYSYS 

INTEGE 

iNTEGS 

AMULTE<Xi 

AMULTM  r •« , 

/ 

A.i? 

A3 

/sTd 

Mechanical/ 

WS 

MCPLXS 

P»ODS 

newst 

,&o 

OESBPS 

Structural 

3.2 

0 

0 

/V<7 

USEVOl 

MCPlXE 

PPOOE 

newel 

OESPPE 

Electronics 

>70 

6 

0 

.So 

PWR 

CMPNTS 

CMPlO 

PWPPAC 

CMPEeF 

/¥*/- 

0 

4oZ 

.72 

-32 

ENMTHS 

ENMThP 

ENMTHT 

ECMPLX 

PRNF 

Engineering 

9 

/2 

Ag 

— 

PHMThS 

PPMTHF 

LCUPVE 

ECNE 

ECNS 

Production  33  SI  .  9 0  .02<*  .02 £ 


Purchased  Item 
(Mode  3) 

WS 

1VCOST 

LCUPVE 

3  Mint  totals 

1  C  M  ITEM 

MOOES 

•  MCO  f  t:  Fu-Ch  item 
t  MO0'e'€0 GCE  item 

GFE 
(Mode  4) 

ws 

MCPLXE 

MCPLXS 

3  PUPCh  ITEM 
«  GFE  ITEM 

S  INTEG4TEST 

9  E'Mi'EM  C*uCWT*VOw 

10  GEOStn 

MCONST 

MEXP 

WCCF 

TARCST  (Mods  lOon.y. 

Additional  Oata 
(Modes  9  &  10) 

YEAH 

ESC 

PHOJCT 

OATA 

tlgtst 

Global 

/<?£3 

/fio 

/ 

/ 

/ 

pltfm 

SYSTEM 

PPHOJ 

POATA 

PT  lGT i 

• 

/.& 

/ 

/ 

/ 

/ 

Table  8-7.  Phase  I  (Continued) 


PRICE  System 

Input  Worksheet  —  ECIRP 


Item 

Date 

XAir*.  ,  s 

OTY* 

PROTOS 

WT* 

VOL* 

MODE 

General 

/O 

U 

/ 

Mechanical/ 

Structural 

ws* 

z 

MCPLXS 

d 

PROOS 

NEWST 

OESRPS 

US6VOL** 

MCPUtE 

PRODE 

NEWEL 

OESRPE 

Electronics 

.70 

0 

0 

— 

— 

ENMTHS 

ENMThP 

ENMTHT 

ECMPLX 

PRNP 

Engineering 

— 

— 

— 

— — 

— — 

prmtm; 

PRMTMP 

LCURVE”* 

ECNE 

ecns  i 

Production 

— 

- — 

.9* 

— 

— 

AVCOST  •  TECOST  TMCOST  LCN  *  *  * 

Additional  Data  £".C  "**  _  ^ 


YEAR  * 

Global 

PLTFM  ’ 

SYSTEM 

PPROJ 

POATA 

PTLGTS 

/.£ 

/ 

/ 

/ 

/ 

Notes: 


’Mandatory  input.  Modes  (For  User  Reference  Only  —  input  Optional) 

’  ’  Mandatory  input  (or  E/M  Item.  1 .  E/M  ITEM 

’  “Input  (or  either  LCURVE  or  LCN  Is  mandatory.  2.  MECH.  ITEM 


I V|T(M  mi 
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Table  8-7. 


Phase  I  (Continued) 


PRICE  System 
input  Worksheet 


Item 

jU/Sf 

XMT&,  a//v2>/*?2  S. 

Date 

OTv 

PHOTOS 

WT 

VOL 

MOOE 

General 

/fi 

AV2 

/ 

OTVSYS 

INTEGE 

INTEGS 

AMULTE(%| 

AMUL  TM<%) 

/ 

0.& 

A3 

/t>0 

/S*<9 

Mechanical/ 

Structural 


ws 

3.2 


mcpvxs 

0 


PPOOS 

2? 


wcwst 

.£<9 


DESRPS 

>40 


US6VOL 

mcplxe 

PROOE 

NEWEL 

OESPPE 

Electronics  >~7 0 

0 

0 

.So 

,*o 

PWR 

CMPNTS 

CMP  10 

PWRfAC 

CMPEPF 

40 

0 

60Z 

0.Z 

-  32 

Engineering 


ENMThS 

Enmthp 

ENMTHT 

ECMPLX 

PRNF 

<7 

/2 

z  + 

/.£> 

— 

PRMTHS  PRMTMP  ICURVE  ECNE  ECUS 

Production  33  S\  ±90  .02* 


Purchased  Item 
(Mode  3) 

ws 

•VCOST 

LCURVE 

o  PAINT  TOTALS 
'  I'M  ITEM 

MOOES 

«  MOD>*iC0  IM«0  'TCM 
r  MOOTED  G*E  iT|m 

GFE 
(Mode  4) 

ws 

mcplxe 

MCPVXS 

J  *VPC*e*T«M 
•  G*E'TE* 

S  (NTIGlTlSt 

•  €>M  item  C*LC  WT  4  vOt 

10  GEOSTN 

Additional  Data 
(Modes  9  &  10) 

MCONST 

MEXP 

WCCF 

TAACST (Mod*  tOomyi 

YEAR 

CSC 

peojcr 

DATA 

TLGTST 

Global 

/9B* 

tco 

/ 

/ 

/ 

PLTFM 

SYSTEM 

PPHOJ 

POATA 

ptlgts 

• 

/.S 

/ 

/ 

/ 

/ 

t 

{ 


Notes. 


Table  8-7.  Phase  I  (Continued) 


PRICE  System 

Input  Worksheet  —  ECIRP 


Item 

Date 

L 

KM  TCt  M ?&>/+&  s. 

arr" 

PROTOS 

wr* 

VOL* 

MODE 

General 

/aaa 

/0 

/i 

0,42. 

/ 

ws- 

MCPLXS 

PROOS 

NEWST 

OESRRS 

Mechanical/ 

Structural 

5,2 

O 

0 

— 

— 

USEVOL*  * 

MCPtxE 

PROOE 

NEWEL 

0ESRP6 

Electronics 

. 70 

0 

0 

— 

— 

ENMTHS 

ENMTMP 

ENMTHT 

ECMPLX 

PRNF 

Engineering 

— 

■ — 

— 

— * 

— 

PRMTM* 

PRMTHf 

lcurve'" 

ECNE 

ECNS 

Production 

— 

— 

*  90 

— 

— 

AVCOST  * 

TECOST 

TMCOST 

LCN*** 

Additional  Data 

/0’C 

__ 

— 

0 

YEAR* 

Global 

3 

(•ltfm* 

SYSTEM 

PPRO- 

PDATA 

PTLGTS 

J.& 

/ 

/ 

/ 

/ 

Notes: 


■Mandatory  input.  Modes  (For  User  Reference  Only  —  Input  Optional) 

••Mandatory  input  for  E/M  Item.  1.  E/M  ITEM 

'•input  tor  either  ICURVE  or  LCN  is  mandatory.  2.  MECH.ITEM 


1 

j 


svtriMi  iu< 
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PRICE  System 
Input  Worksheet 


Table  8-7.  Phase  I  (Continued) 


Item 

L-  &>/+K)t> 

Date 

OTV 

PROTOS 

WT 

VOL 

MQGc 

General 

/oe>o 

/O 

/6 

0.9Z 

/ _ 

QTYSVS 

INT6GE 

INTEGS 

AMULTE'V 

AMULTM  (•;», 

/ 

0.  5* 

/iTo 

/<o 

Mecnanicai/ 

Structural 

WS 

?>.z 

MCPlXS 

0 

PRODS 

0 

NEWST 

.?o 

OESBPS 

.•to 

usevol 

MCPLX6 

PRODE 

NEWEL 

OESPPE 

Electronics 

.70 

0 

0 

.So 

.90 

PVVP 

CMPNTS 

CMPIO 

PWAFAC 

CMPEPF 

Z-U 

0 

£>oZ 

/.  /<£ 

-32 

enmtms  enmtmp  Enmtht  ECMPLX  p«nf 

9  /£  1.0  — 


PflMTHS 

PRMTHF 

LCUPVE 

ECNE 

ECSS 

Production 

33 

Si 

.90 

,0Z< 

.ozr 

Purchased  Item 
(Mode  3) 

WS 

BVCOST 

LCURVE 

0  #BtNT  TOT*I.S 

MOOES 

6  MC0’c'ED  Pu9C**  ▼€  v 

T  MOO^'EOG'E  'TIM 

GFE 
(Mode  4) 

WS 

MCPLXE 

MCPLXS 

3  #\jPO  ITEM 
«  GFC'TIm 
a  .NTiGA^esT 

9  f'M  tT|M  CAtCWT  *  VO. 
i0  GSCS-s 

1 

Additional  Data 
(Modes  9  &  10) 

MCONST 

MEXP 

WECF 

TARCST  kMooe  lOontyi 

YEAR 

ESC 

PPOJCT 

DATA 

TLGTST 

Global 

/9S* 

/00 

/ 

/ 

/ 

PLTFM 

SYSTEM 

PPROJ 

POATA 

PTLGTS 

/.S 

/ 

/ 

/ 

/ 

Notes: 


{ 

\ 

[ 
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Table  8-7.  Phase  I  (Continued) 


PRICE  System 

Input  Worksheet  —  ECIRP 


"*m  P/L  0<Z£  Mf&AlZ  £ 

Date 

General 

QTY* 

PHOTOS 

WT* 

zo 

VOL* 

MODE 

/ 

Mechanical/ 

Structural 

ws* 

MCPIXS 

0 

PROOS 

0 

NEWST 

OESRPS 

Electronics 

UStVOL*  * 

•7 

UCPLXE 

0 

PROOE 

0 

NEWEL 

OESRPE 

Engineering 

fWMTMS 

6NMTHP 

ENMTMT 

ECMPLX 

PHNF 

Production 

PRMTHS 

PflMTNF 

Lcueve"' 

£C*E 

ECUS 

Additional  Oata 

AVCOST* 

/l.£> 

TtCOST 

TMCOST 

LCN*** 

0 

Global 

yea*' 

f  98  3 

■W-SM* 

J.8 

SYSTEM 

/_ 

PPROJ 

/ 

POATA 

/ 

ptlgts 

/ 

Notes: 


'Mandatory  input.  Modes  (For  User  Reference  Only  —  Inpul  Optional) 

"Mandatory  input  for  E/M  Item.  1.  E/M  ITEM 

Input  for  either  LCURVE  or  LCN  is  mandatory.  2.  MECH.  ITEM 


Table  8-7.  Phase  I  (Continued) 


PRICE  System 
Input  Worksheet 


Hem 


P/ZOC £SSe<  /+£.  S. 


Dale 


General 


QTY 

RROTOS 

WT 

VOL 

MOOE 

/O00 

/0 

ZO 

0.47. 

/ 

QTYSYS 

INTEOE 

INTEGS 

AMULTEt%» 

AMULTMO.I 

/ 

0.  S’ 

0.% 

/*o 

/  S"<5> 

Mechanical/ 

Structural 


MCPLFS 

0 


PBOOS 

0 


NEWST 

.So 


D€S«P$ 


Electronics 


USEVOL 

.7 


PWR 

/S7> 


MCPLXE 

0 


PBODE 

£> 


CUPNTS 

0 


CMPIO 

Z0+ 


NEWEL 

.So 

PWBFAC 

•4t 


DESBPE 

CMPEFF 


Engineering 


ENMTHS 

9 


ENMTHP 

/Z 


CNMTHT 

zh 


ECMPLX 

A  6 


Production 


PRMTmS 

33 


rrmtmf 

j&L 


lCubvE 

.9o 


ECNE 

0.Z1T 


ECNS 

0.ZC 


Purchased  Item 
(Mode  3) 

ws 

8VCOST 

LCURVE 

0  PAINT  TOTALS 
t  E  M  ITEM 

MOOES 

•  MOOlPtEO  PUPCh  |T£M 

7  MOOtE'EOGPE  'TEM 

GFE 
(Mode  4) 

w$ 

MCRLXC 

MCRLXS 

]  PUNCH  tTCM 
•  GPf  item 

5  INTEG4TEST 

«  E/MiTtM-CAlXWT  *  VOi. 

10  GIOSVN 

Additional  Data 
(Modes  9  &  10) 

MCONST 

MCXR 

WECF 

TARCST  (Moo*  IQonlyl 

YEAR 

ISC 

RROJCT 

DATA 

TLGTST 

Global 

/ 9S * 

/O0 

/ 

/ 

/ 

RITFM 

SYSTEM 

PRROJ 

POATA 

PTU3TS 

/. s 

/ 

/ 

/ 

t 

• 

Notes: 


Table  8-8.  PRICE  LCC  Printout 


LL  FILE  INPUT  DATA 


TPM  MFBAPS  PROPOSAL  ED'/  1 :  HP  :.MTTP 


DEPLOYMENT 
EQUIPS  -  Eli- 


1  050.  GPGAi.I GAT  1  Of I*  DI’  1  cM.  INTERMEDIATE  1  DI  '  cO.  DEPOT ‘DD 


DURATION  OF  lUPFGF  T  PEP  I  DI"  YEAR  I  *  YF  .• 
ON-TIME  FRACTION <QTFY 

lpu  mtbf.hdup: ■mtsf> 

LPU  PEF'A IP  TIME.  HDUP S  •  TF . 

MODULE  REPAIR  T IME» HOURS • TMG • 

LPU  PEP  SYSTEM. ■ EE> 

LPU  COST. E • CUP • 
module  EDIT « l 'CMP ■ 
fart  c  o :  t .  i  •  c  pp . 

PflFT  cost  dm-eouipmemt  repair. i>cppe> 
development  c as t . * < c end. 

NON-PEC UPPING  PRODUCTION  COST. i • CPE> 
CONTRACTOR  lpu  PEPPiIP  COST.  $  > CUP  * 
CONTRACTOR'  MODULE  REPAIR  COST.  :f  •  C MP  > 
MODULE  TYPES. -P> 

PART  TYPES.' PR'- 

FPPtCT  ION  NON- 1 TD •  PARTS .  <FNSP  > 

LPU  SUPPORT  EuPT.  COST « $ •: C F I M> 

LPU+MODULE  SUPPORT  EOPT. . * ■ CFIP> 

LPU  S.E.  FLOOR  SPACE*  SO.  FT.  •FTSOF'1 
LPU+MODULE  S.E.  FLOOR  SPACE* SQ.FT. <FTSOP> 


COS  T-OUl-iNT  I  TV  EXPONENTS  .  LEARNING  FAC  TOPS'. 
UNIT  ■  EUP 0.900.  MODULE 'EMP'. 


1  0 .  0  0 

.  04  1 


157£*c5 

1 1 33G03 


S9S01 
1  037c' c' 

1 


REFERENCE  QUANTITIES* 
UNIT  vPNU'  1000. 


MODULE .  PNM > 


0.350  F'AF'T  ■  EPP> 


PART  <  PNP . 


SHIPPING  HEIGHT .  POUNDS: 

UN  I T  ■  I.IIJ  ■  1 * .  0  MODULE  •  MM  • 

STORAGE  CUBES .  CUBIC  FEET: 

UNIT .CUEEU'  0.504  MODULE CCUBEM. 

DEVELOPMENT  PHASE.  YEARS  < YD • 

PRODUCTION  PHASE.  YEARS  <YP> 


PART  ■  Lip 


0.  030  PART  <CUBEF 1 


ENTER  5-NL  NAMELIST 

Z,».  NL  EUR*.  '?•  PNU=  1  050.  PNU*  1  050.  PNP  a  1  050  •  MC  =P.  0. :: 
ENTER  4NL  NAMELIST 

liiTIL  EUP*.  •?.  PNU*  1  050.  PNM*1  050.  PNP*  1  050.  MC  *8.  O'i 
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Table  8-8.  PRICE  LCC  Printout  (Continued) 


PRICE  LIFE  CYCLE  CD'.T 
tf-i.i  mfeap:  pfofocal  iq::  is  hf  ::mttf 
INPUT  DATA 


LC  : 


L* 


PCM  DATA 
MTEF 

DEPLOYMENT 


*3  3. 


MTTP-LPU 


1.4  HTTP-MOD 


EC'UIF'I  1050. 

QF3AN I -AT  I ON 

30.  intermediate 

£0. 

DEPOT  3. 

LPUZ  ECU IP  1. 

mod:  lpu 

13.  part: -LPU 

employment 

: uppop t  pep i or 

1 0. 

HP  *  MON 

30.0  OTF  0.041 

GLOErtL 

ECUS UP  1050.  OPS CUP 

Etc  0.  00  0  LPU  FPiIL  PILLOW 

MAINTENANCE  CONCEPT  * 

LPU  PEPS IP  AT  OPSANlSwHtJh.  MODULE 

30.  I NT CUP 

0. 

REPAIR  AT  DEPOT. 

30. 

DEP  CUP  3. 

PP05RAM  COCT 

DEVELOPMENT 

PRODUCTION 

CUPPOPT 

TDT  P;_ 

EQUIPMENT 

1573. 

1*44*. 

0. 

1 3  0 1  3 . 

CUPPOPT  ECU  IP 

0. 

1331 . 

1331. 

MANPOWER 

0. 

0. 

303. 

3  03 . 

CUPF'LY 

0. 

1 3*3 . 

40. 

1403. 

CUPPLY  ADM. 

0. 

13. 

135. 

314. 

CQNTPACTOP  CUPPOPT 

0. 

0. 

0. 

0 . 

OTHER 

0. 

0. 

3. 

total  co:t 

1  **."■  ■ 

1  «•  « 

13313. 

3531. 

3  -<Tci  . 

availae ILITY 

INHERENT 

0 . 3  A 

33  OPERATIONAL 

0.  •£»■ •  :  i 

CUPPOPT  EQUIPMENT 

OPS 

I  NT 

DEPOT 

NO. 

30. 

0. 

3. 

UTILIZATION 

0.  1  07 

0 .  0  0  0 

0.  130 

I UPPLY 

unit: 

module: 

part: 

initial-  pep  type 

0. 

40. 

balance  concumed 

0.  000 

0.  000 

3.31 3 
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Table  8-8.  PRICE  ICC  Printout  (Continued) 


LC  FILE  INPUT  DATA 


BOX  £ :  UHF  XMTTP 


DEPLOYMENT 

EQUIPPED.* 


1050.  ORGANISATION  •  QD  •  £0.  INTERMEDIATE  •  DI>  £0.  DEPOT  ■  I'D  « 


DURATION  OF  SUPPORT  PERIOD. YEARS <YP> 
ON-TIME  FRACTION ■  OTF'» 

LPIJ  MTBF •  HOURS  1  MTBF> 

LPU  PEPS IP  TIME. HOURS »TF> 

module  repair  time.hour : • tmo> 

LPU  PER  SYSTEM.  •  EE.* 

LPU  C  o; T  * i i C UP  > 

MODULE  COST.*  'CMP,' 

PART  COiT.l'CPFU 

PART  COST  ON-EQUIPMENT  REPAIR. t ■ CPPE> 
DEVELOPMENT  CO  S  T . *  >  CEND  • 

NON-PEC UPP I NG  PRODUCTION  COIT.'i- ■  CF'E> 
CONTRACTOR  LPU  REPAIR  COST. t <CUP> 
CONTRACTOR  MODULE  REPAIR  COST.  '!•  •  CMP > 
MODULE  TYPES. >P> 

PART  TYPES. <PP> 

FRACTION  NON-STD. PARTS. <FN3F> 

LPU  SUPPORT  EC'F'T .  COST .  $  ‘CFIM> 

LRU+MODULE  SUPPORT  eqpt. .»<cfip> 

LPU  S.E.  FLOOR  "PACE.  SQ.FT.  'FTSC'F> 
LRU+MODULE  i.E.  FLOOR  SPACE. 10. FT. .FT i up 


COST-QUANTITY  EXPONENTS  'LEARN  I  N'5  FACTORS 


1 0.  00 

.  04 1 


1 . 34 
£.71 
1. 

?£  1 5 . 
1374.63 
3£3. 1 1 
3 £3. 1 1 
1£ 05576. 

7  £483  3 . 
460. 73 
331 . 14 
10. 

37 . 

0 . 5  0 
32883. 
73113. 
1.33 


UNIT  <£UP 1 


0 .  8  0  0 


REFERENCE  QUANTITIES: 
UNIT  <PNU)  1000. 

SHIPPING  MEIGHT.  POUNDS: 
UN I T ■ MU >  13.0 


MODULE 'EMP' 


MODULE • RNM » 


MODULE  < MM • 


0.350  PART • ERR 


PART  >. PNP  1 


STORAGE  CUBES.  CUBIC  FEET: 

UN IT .C UBEU>  0 . 5 04  MODULE  vCUEEM > 

DEVELOPMENT  PHASE.  YEARS  <YD> 

PRODUCTION  PHASE*  YEARS  <YP> 


PART  <MP> 


PART  fCUBEP ■ 


Table  8-8 


PRICE  LCC  Printout  (Continued) 


FFICE  LIFE  CYCLE  COST 


so;:  3:UhP  .  http 

IHFI.it  DATA 

PCM  DATA 
MT*F 


LC  : 


Lt 


533.  MTTP-LPU 


1.3  MT TP-MOD 


DEPLOYMENT 
EQUIPS 
LPUS-EQUlP 

EMPLOYMENT 
:  iJPPOPT  PEPIOD 

GLOBAL 
ECU SUP 
ESC  • 


1 05 0 .  ORGAN I Z AT ION 
1.  MODS  - LPU 


10. 


1050.  OPGSUP 
0.000  LPU  FAIL  ALLOW 


1  0. 


tfU. 

0. 


IHTEPMEDI ATE 
PhPTS-LPU 


HP I  ,  MON 

I NTS UP 


do. 


DEPOT 


MAINTENANCE  CONCEPT  * 

LPU  PEPAIP  AT  ORGANIZATION.  MODULE  REPAIR  AT  DEPOT. 


PROGRAM  COST 

EQUIPMENT 

SUPPORT  EQUIP 

MANPOWER 

SUPPLY 

SUPPLY  ADM. 

CONTRACTOR  SUPPORT 

OTHER 

TOTAL  COST 


AVAILABILITY 

INHERENT 

SUPPORT  EQUIPMENT 
NO. 

UTILIZATION 

SUPPLY 

INITIAL’  PER  TYPE 
BALANCE  CONSUMED 


DEVELOPMENT 

13  OE. 

0. 

0. 
0. 
0. 
0. 
0. 


130*. 


ORG 

30. 

0.1  If 

UNITS 

0. 

0.  000 


PRODUCTION 

103-30. 

1 4  04  . 

0. 

13*1. 

3. 

0. 

0. 

13033. 


OPERATIONAL 

INT 

0. 

0.  000 

MODULES 

*0. 

0.  000 


3:0.  0  QTF  0,  04 1 

30.  DSP SUP  3. 


SUFPOFT 


0 

1 4  04 
33* 
1  037 
3'? 

0 


cl  SOU. 


DEPOT 

C.  ■ 

0 .  *£.  ij  fj 

PARTS 

31. 

144. 1*5 


TOT  P 
11 


c ■:  -t 

3 1 
0 


1 7 1 04 . 


COST 'EFFECTIVNES  S  LIST  <\> 

6PD  *100.0 

NEXT  box; 01  * 

ENTER  S-NL  NAMELIST 

IX  NL  RNU=  1  050*  PNM*  1  050’  RNF'*1  05  OS 
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Table  8-8.  PRICE  ICC  Printout  (Continued) 


LC  FILE  INPUT  DATA 


L-EAND  .-.HTTP 


DEPLOYMENT 

eouif  :  ^Et"  1050.  ofganissatiom'OD'  £0.  intermediate <  di  <  eo. 


DURATION  QF  SUF  PQF'T  PERIOD*  YEftF'S  UYP> 
ON-TIME  FPACTIOM-OTF> 

lfu  mtef. hours  •  mtef  • 
lpu  feffiif  t  i  me.  hours  >tfs> 

MODULE  REPAIR  TIME.HOUFS vTMO' 
lfu  PEP  : Vi  TEN*  'EE' 

lpu  c  o  s  t  « t  c  up  • 

MODULE  COST.*  'CMP' 

pfipt  -:o:T-t*cpP' 

PART  cd:t  QN-EOUIPMENT  REPAIR.*  ■  C PPE  - 
development  c o : t . * > c end > 

NON-PEC  UPPING  PPODUCTIDN  COST,* ■ CFE> 

C QNTF'AlS  TOP  LPU  REPAIR  COST. * • CUF  • 
CONTRACTOR  MODULE  PEFFiIP  COST»*>CMP» 
MODULE  TYPES. 'P' 

PART  TYPES.  'PP.> 

FPftC  T I  ON  NON-  :  TD.  F  mPT  S  .  ■  FN S P "• 

LPU  SUPPOPT  EOPT.  COST.*>CFIM"* 

LFU+MODULE  SUPPOPT  EOPT . . * » C F I p • 

LPU  S.E.  FLOOP  SF'ftCE.  SO.  FT.  •.FTSG'F* 
LPU+MODULE  S.E.  FLOOP  SPACE. SG>. FT.  •FTSG'P> 


1  0. 

ij  0 

041 

1 . 

45 

i . 

>:  -'  -■ 

cc^rr . 

6  0 

1 1 

8 . 

1 1 

•  c  <ci  •- . 

0  0'r*&. 

?i  i . 

£4 

10  or. 

ip 

14. 

?  k-  . 

0. 

50 

£5  SO. 

c. 

*r(.i 

COST-C'UANTITY  exponents  • 
UNI  T  •  EUF  •  0.'?u0 

LEARNING  FACTORS" 
MODULE ' EMP ' 

0 .  f*5  0 

PART 'EPP' 

FEFEPENCE  C'UANTITIES: 

UN  I T  <  PNij  ■  1000. 

MODULE ' PNM • 

1  0  •  j  0 . 

PAFT'PNP. 

SHIPPING  HEIGHT.  FOUNDS: 
UNIT* MU'  16. 0 

MODULE 'MM< 

o.  *r 

RAFT  ■  i"P  ' 

STORAGE  CUEES .  CUE I C  FEET 
UNIT • C  UIEU •  0.504 

MODULE  "SUEEM  * 

o,  Oc'  r 

RAF  T  >  CUEEP 

DEVELOPMENT  PHASE •  YEARS 
PPODUCTIDN  PHASE.  YEftPS  ' 

•  YD> 

YP> 

00 

4.  00 

01  * 

ENTER  SUL  NAMELIST 

NL  EUF'*.  ■?.  PNU=  1  050.  PNM* 

1 050*  PNP= 1 05 OS 

DEPOT'S 


0 

1  0  0  0 

Ci 

lj 
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Table  8-8.  PRICE  LCC  Printout  (Continued) 


PP  ICE  LIFE  CYCLE  COIT 


EO.  l-BAnd  :  HTTP 

LC 

:  LC 

INPUT  DATA 

DATA 

MTBF  735. 

MTTP-LPU 

1,5  MTTR-MQD 

£.  9* 

deploy  ment 

EC'L1 1 P ;  1050. 

ORGAN I ZAT I ON 

80.  INTERMEDIATE 

£0. 

DEPOT 

8  • 

lpu: -  EQUIP  1. 

MODS 'LPU 

14.  PARTS  ✓'LPU 

EMPLOY ME NT 

IUFF0PT  PEP  1 01'- 

10. 

KP$. MON 

30.  ‘.i  DTP 

0.  041 

GlOBAl 

EC'U:  UP  1050. 

OFGSUP 

80.  INTI UP 

80. 

DEPSUF 

kZ.  ■ 

E I C  0 .  0  0  0 

LRU  FAIL  ALLOW 

0. 

MA I NTENANC e  concept 

6 

LPU  REPAIR  AT  ORGAN  I 

ZAT ION.  MODULE 

REPAIR  AT  DEPOT. 

PROGRAM  COIT 

DEVELOPMENT 

PRODUCTION 

SUPPORT 

TOT  A 

EC'U  I F  MENT 

1853. 

80548. 

0. 

884  0  0 

IUPPQF  T  EC'U  IF 

0. 

8353. 

-■  * 

47  05 

MANPOWER 

0. 

0. 

£8*3. 

888 

SUPPLY 

0. 

1880. 

1888 

SUPPLY  Pi  I'M. 

0. 

45. 

458 ! 

4  87 

CONTRACTOR  I  UF'POPT 

0. 

0. 

0. 

0 

CT  HEP 

0. 

0. 

I 

TOTAL  COIT 

1853. 

84584. 

3104. 

88588 

A'"  A I  LAB  IL I  TV 

INHEPENT 

0.88 

83  OPERATIONAL 

0.8831 

SUPPORT  EQUIPMENT 

OPG 

INT 

DEPOT 

HO. 

80. 

0. 

utilization 

0.  108 

0.  000 

0.  171 

S  UPPLY 

UNITS 

MODULES 

PARTS 

INITIAL-  PEP  TYPE 

0. 

40. 

4. 

BALANCE  comiumed 

0 .  0  0  0 

0.  000 

1.881 

cq:t -efkectivnei :  list  >%.• 
661'  *100.0 
HE:  T  BOYS  01 = l 
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Table  8-8.  PRICE  LCC  Printout  (Continued) 


LC  FILE  INPUT  DATA 


to:.  4:  fpqcessop 


DEPLOYMENT 

EQUIP:  >ED‘  1050.  0P6ANIZATIQN*aB>  4  0.  1MTEFMED1 ATE  •  I»  I  >  £0. 


DUFATION  OF  SUPPOPT  PEP  I OD  *  YEhP 1 •  VP  ■ 
an- T I  HE  FPAC  T I OM  •  QTF'1 


1 0.  00 

.  04 1 


LPU  Ml  EF .  HOUF  :  •  MTI'F> 

LPU  PEPS  IP  TIME*  HOUPi  •  TF> 

MODULE  PEFH IP  T I ME ? HOUPi ■ TMO> 

LPU  PEP  SYSTEM.  <EE> 
lpu  COST?! i CUP > 

MODULE  COS T?  i  •  C HP • 
phft  COST?  5 • CPF  • 

PAPT  COTT  OM-EOUIFMENT  PEPAIF ? 1 • CPP£> 
DEVELOPMEHT  C  0  :  T .  « C  EHD  ■ 

NON-PEC UPPING  PPODUCTIOM  COST?*?CPE> 
CONTPACTOP  LPU  PEP A IP  co:t.*<cup> 

COM  TP  PC  TOP  MODULE  PEPFiIP  COST?*  ■  CNP> 
MODULE  TYPE i • ■ P ■ 

phpt  types? .pf? 

FPACTION  NON-STD. PARTS?  >fn:p> 

LPU  SUPPORT  EQPT .  COST? J • CFIM • 

LFU+mODULE  SUPPOPT  EQPT. ? i <CF IP> 

LPU  S.E.  FLOOP  SPACE?SG.FT.  <FTSOF> 

lpu+module  :.e.  floor  space* sq.ft. -ft sqp> 


71 0. 

1 . 4:5 

5 . 0  0 


1. 

£9030. 
354*. *6 
*5.  05 
■55.  05 

£S'5c: 

£343750. 

1451.53 

1173.53 
IS. 

£31 . 
0.50 
i4r?i*. 
135033. 

3.  00 

3. 43 


COST -QUANT 1 TV  EXPONENTS  'LEARNING  FAC  TOPI 
UNIT • EUP  >  0.900  MODULE • EMP  > 

PEFEPEMC E  QUANT  I T I Ei : 

UN  I T  ■  PNU  <  1  0  0  0 .  MODULE  PNM  > 

SHIPPING  HEIGHT?  FOUNDS: 

UN I T • MU •  £0.0  MODULE  < MM > 

STOPAGE  CUBES*  CUBIC  FEET: 

UNIT'  C  UEEU  >  0.5  04  MODULE  *  C  UI'EM  > 

DEVELOPMENT  PHASE?  YEARS  <YD • 

PPODUCTIOM  PHASE?  YEARS  <YP> 


0 .  '55  0 
1  0  0  0 . 

0.  S3 

o.  or? 

3.  00 
4. 00 


PAPT • EF P • 
PART  >  PNF  • 

PAPT  u, Ip  . 

PAPT  <CUBEF  '. 


01 


EMTEP  S- ML  NAMELIST 

>iS-ML  EUP*.  ?•  PMU*1  050?  PNM*1  050*PMP*1  05  Os. 


DEPOT • DD 


0 . 

1  0  0  0 . 

0. 

0. 
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Table  8-8.  PRICE  LCC  Printout  (Continued) 


PRICE  LIFE  CYCLE  COST 

£0: :  4:  PROCESSOR  LCs  Lr: 

IMPl.iT  DATA 


P-:  M  DATA 


MTBF  710. 

MTTP-LPU 

1. 

5  MTTP-MQB 

3.  0 

DEPLOYMENT 

EO  i.i  ip:  io?o. 

ORGANIZATION 

20. 

INTERMEDIATE 

20. 

DEPOT  2. 

LRUS- -EOOIP  1. 

MODS • LPU 

IS. 

PARTS 'LPU 

221. 

EMPLOYMENT 

SUFPQF'T  PEP  1 01’ 

1  0. 

HRS  -  MON 

30.0  OTF  0.041 

'3LOBAL 

ecu:  up  i  o'.o. 

0P6S UP 

20. 

I  NT  S  UP 

20. 

DEPSUP  2. 

ESC  0. 000 

LPU  FAIL  ALLOW 

0. 

MA INTENANC  E  CONCEPT 

t- 

L P i.i  PERM  IP  mT  ORGAN  I 

“AT  ION.  MODULE 

REPAIR  AT  DEPOT. 

PROGRAM  i_  □  I T 

DEVELOPMENT 

PPODIJC  T I  ON 

SUPPORT 

TOT 

EQUIPMENT 

28*3. 

32730. 

0. 

3532 

S  i.'RPOPT  EC' i.i  I R 

0. 

3 1 SS. 

31  S3. 

3  3  : 

MANPOWER 

0. 

0. 

305. 

30 

: UPPLY 

0. 

2475. 

212. 

233 

: LIPPLY  ABM. 

0. 

13. 

12S. 

14 

CONTRACTOR  SUPPORT 

0. 

0. 

0. 

OTHER 

0. 

0. 

3. 

TOTAL  COST 

ESSO. 

3S2S7 . 

3S 1 3 . 

45  0  - 

AVAILABILITY 

imhepemt 

0 .  S'? 

33 

OPERATIONAL 

0 . ? '?  3 

I UPPOPT  EOUIPMENT 

OP'5 

INT 

DEPOT 

NO. 

20. 

0. 

2 . 

UTILIZATION 

0. 1  OS 

0.  000 

0.  1S2 

: UPPLY 

UNITS 

MODULES 

PARTS 

INITIAL*  PEP  TYPE 

0. 

40. 

7. 

BALANCE  CONSUMED 

0.  000 

0.  000 

17. 04* 

costeffectivness  lut  ■  •.> 

fit'll  *100.0 
NEXT  BOX*,  at  «1 
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Table  8-9.  Phase  I  Comparison  of  PRICE  and  TRI  TAC 


PRICE  (M) 

TRI  TAC  (M) 

Acquisition  Cost 

$  74.3 

Support  Cost 

■  .. 

26.0 

TOTAL  LCC 

100.8 

Table  8-10.  Phase  I  Data  Base  Comparison 


LRU 

Parameter 

Price 

TRI  TAC 

Processor 

MT8F 

710  Hrs 

16,700  Hrs 

LRU  Cost 

$29,030 

$19,200 

Dev.  Cost 

S2.9M 

$4. 16M 

LRU  S.E. 

$142K 

$110K  22  LRU  Testers  at  $5K  Ea. 

L-Band 

MTBF 

735  Hrs 

500,000  Hrs 

Xmtr 

LRU  Cost 

$18,225 

$12,000 

Dev.  Cost 

$1.85M 

$450K 

LRU  S.E. 

$105,376 

$110,000  22  LRU  Testers  at  $5K  Ea. 

HF  Xmtr 

MTBF 

683  Hrs 

500,000  Hrs 

LRU  Cost 

$14,583 

$12,000 

Dev.  Cost 

$1. 6M 

$450K 

LRU  S.E. 

$89,201 

$110,000  22  LRU  Testers  at  $5K  Ea. 

UHF  Xmtr 

MTBF 

582  Hrs 

500,000  Hrs 

LRU  Cost 

$9,215 

$6,000 

Dev.  Cost 

S1.2M 

$450K 

LRU  S.E. 

$62,883 

$110,000  22  LRU  Testers  at  S5K  Ea. 
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Table  8-11.  Phase  I  (Alternate  A)  Logistics  Support  Cost 
Model  Program  (Mini) 


MA  SUBSYSTEM 

3  LRU'S 

7  AGE  ITEMS 

SUBSYSTEMS 

LRUS 

AGE  ITEMS 

SOFTWARE 

TOTAL 

1 

3 

7 

4 

MAX 

30 

300 

200 

'  100 

TOTAL  SYSTEM  COST  <Ih  MILL I OHS)  IS  *  2.10 


SUBSYSTEM 

COST 

FRACTION  OF 
TOTAL  COST 

MA 

1 . 1974E+06 

.5697 

SUBSYSTEM  MA 

LRU  NAME 

COST 

FRACTION  OF 
SUBSYSTEM  COST 

PRO 

6  .5346E+05 

.5499 

HVU 

2.9517E+05 

.2465 

L-B 

2.4373E+05 

.2036 

1  SYSTEM  COST  BY  EQUATION 

Cl  *  9  .872773E+U5  C3  ■  6 .51 0085E+Q4  CS  *  1 


.450000E+05 
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Table  8-11.  Phase  I  (Alternate  A)  Logistics  Support  Cost 
Model  Program  (Mini)  (Continued) 


SUBSYSTEM  COST 

SUBSYSTEM  MA 

Cl  =  9.372773E+G5 
LRU  PRO 

Cl  =  4.531476E+05 
LRU  HVU 

Cl  =  2.920305E+05 
LRU  L-B 

Cl  »  2.420992E+05 


BY  EQUATION 

C3  *  6 .51 00S5E+04 
C3  *  6.031 033E+ 04 

C3  =  3 .  142967E+G3 

C3  *  1.647504E+03 


CS  »  l .450000E+05 
C5  =  1.450000E+05 

C5  ■  0. 

C5  ■  0. 


TOTAL  SOFTWARE  COST  IS  $  904275.00 

SOFTWARE  ACQUISITION  COST  *  $  655500.00 

SOFTWARE  SUPPORT  COST  *  *  248775.00 


PACKAGE 

MAN  MONTHS  TO 
PROGRAM 

NUMBER  OF  MEN 

TD  SUPPORT  IT 

COST  OF  SUPPORT 
PROGRAMMERS 

GPSF 

24 

♦ 

1440.00 

HF 

6 

♦ 

130.00 

JIT 

5 

♦ 

150.00 

GPSA 

3 

♦ 

90.00 

AGE  BREAKOUT 

AGE  NAME 

TOTAL  BASE 

AGE 

TOTAL  DEPOT 

AGE 

REQUIREMENT 

REQUIREMENT 

PRO-AGE 

.04  < 

20) 

.03  < 

1) 

CARD  l 

.00  < 

0) 

.03  < 

l> 

CARD  2 

.00  < 

0) 

.03  < 

1) 

XMTR  AGE 

.00  < 

0) 

.00  < 

0) 

CARD  3 

.00  <. 

0> 

.00  < 

0) 

Table  8-11.  Phase  I  (Alternate  A)  Logistics  Support  Cost 
Model  Program  (Mini)  (Continued) 


LIST*  Mh 

1 * 3600000  . *  35000. * 145 .11* 145. 11*1. 63 *  0. 76* 104.30* 1 04. £0*  £50. *  1 0 . 

£ 0.  *  17. 63*  .  16*  .31*  .'SO*  .  001*  1 738 .  *  1 738 .  *  .  34  *  .  08*  .  35*  .  35*  .  33*  .  1 5 

SOFTWARE *  .15*6000. *15 0 0 0 . *  .5*4 
JIT  * 5. *  1 00. *  1 00. *  0.  005 
6838*3. *  1 00. • 1 00. • 0. 005 
GF'SF*  10.  •  1300.  *500.  *  0.  01 
HF  >  6.  *  1  00.  >  1  00.  *  0.  005 

Mh  *  0.  *  0.  *  0  .  *  0.  *  0.  __ 

16.  43  *  33 . 63  *  0 . *  0 . *  1 68 . *  168. *  1.35*  0. *  J 

PPd* 17857. *  18300. * 3. 5* 3. 5*  0. *  0. *  0. 1 34* 1 . 73* £0. > 1 . 

.  01  *  .  01  *  0.  15*  0.  85*  0.  01  *  0.  *  0.  *  0.  >  1  *  0.  *  3 

PPO-FmSE  *5000.  *5000.  *  0.  *  0.  »  0.135*  .9  *  .  03 

C6PI»  1  *  0.  *30000.  *  0.  *  0.  *  1.  *  .88* .  03 

CARD  3  *  0.  *  £0000.  *  0.  *  0.  *  1 .  * .  98*  .  03 

HVU*  313500. *  14400. *  3. 5*  3. 5*  0. »  0. *  O. 134* 1 . 73*35.6* 1 . 

. 01  * . 01  *  0.15*  0.85*  0. 01  *  0. *  0. *  0.  *  1  *  0.  *  £ 

XMTP  PtG£*5000.  *5000.  *  0.  *  0.  *  0.  16*  .88*  0.  03 
ChP D  3  *  0 .  »  £ 0000 .  *  O.  *  0.  *  l .  *  •  9  »  •  0<£ 

L-B*  500000. •  13000. * 3. 5* 3. 5*  0. *  0. *  0. 134*1.? 3*16. *1. 

. 0 1  * . 0 1  *  0 . 1 5  < . 85  *  0 . 0 1  *  0 . *  0 . *  0 . *  1  *  0 . *  £ 
tfMTP  666*5000. *  5000. *  0. *  0. *  0.  16* . 83*  0.  08 
CARD  3  »  0. *  30000. *  0. *  0. ♦ 1 . * . 9  * . 03 
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gure  8-2.  rnase  I  ^Alternate  A;  Architecture 


Table  8-12.  Phase  I  (Alternate  A)  TRI  TAC  Output 


o 

o 

o 

o 

o 

o 

o 


0 

o 

0 

o 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


1  O'  18 


ALTERNATE  "A"  LIFE  CYCLE  LUSTS 


ANNUAL  D  &  S  COSTS 
ELECTRIC  POWER 
SPECIAL  MATERIAL 
OPERATOR  PERSONNEL 
□RG.  MAI NT.  PERSONNEL 
I NT.  MAI NT.  PERSONNEL 
DEPOT  MAI NT.  PERSONNEL 
TOTAL  MAI NT.  PERSONNEL 
SUPPORT  EQUIP.  MAI NT. 

SOFTWARE  MAINTENANCE 

SUPPLY  PERSONNEL 

SPARE  PARTS  *.  REPAIR  MATERIAL 

I NVEN TORY  MANAGEMENT 

INVENTORY  HOLDING 

I NVENTOPY  ADM I N I STPAT I ON 

TRANSPORTATION 


IN  i 


c'  8 .  6 1 
171.84 
11971.40 


1385.  00 
1938011.40 


LIFE  CYCLE  COSTS  IN  $K 
R  &  D  ESTIMATE 
I NVESTMENT-NON-RECURR I NG 
I NVESTMENT-RECUPR I NG 
TOTAL  INVESTMENT 
OPERATIONS 
LOGISTICS  SUPPORT 

OPERATIONS  S-  LOGISTICS  SUFP.  TOTAL 
TOTAL  LIFE  CYCLE  COST 


18900. 00 
44800. 00 

845.78 
84181 . 09 


845 


78.  1 8 
0.  00 
0.  00 


518185. 85 
7000. 00 
848775. 00 
5.  83 
5987 . 84 


1 539378. 4  0 
397 . 85 


4405. 50 


83500. 00 

84408. 81 
98318.31 
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Table  8-12.  Phase  I  (Alternate  A)  TRI  TAC  Output 
(Continued) 


INPUT  COST  ELEMENT  VALUES 


PI 

36  0.00 

PEI 

x 

.  14 

P65 

X 

.  04 

PE 

= 

5.00 

PEE 

X 

0.  00 

P66 

X 

.  0  0 

PS 

= 

1.  IS 

PE4 

X 

U .  0  0 

P67 

X 

4  0 . 

P4 

= 

1  0 .  0  0 

PE  5 

X 

0.  00 

P7 1 

= 

c 

P5 

X 

5 .  0  0 

PE6 

= 

16. 4E 

P7E 

X 

35 ! 

Re. 

= 

1  0 .  0  0 

PE7 

X 

5.  00 

P75 

X 

0. 

R7 

X 

S3.  00 

Pd8 

X 

16. 4E 

P76 

= 

0. 

PS 

= 

.  4S 

PES 

X 

70000. 00 

TF 

X 

PS 

= 

1000. 00 

P50 

X 

0.  00 

P78 

X 

0. 

RIO 

X 

0.00 

P51 

X 

0.  00 

P7S 

X 

0. 

PI  1 

X 

0.  00 

P5E 

X 

0.  00 

X  <  1  > 

X 

1  0  ~  0 . 

P1£<1> 

X 

0.  00 

P53 

X 

0.  00 

X  (  £> 

= 

77  0. 

PIE  <2> 

X 

3.  00 

P54 

X 

0.  00 

X  <3> 

X 

580. 

PIE  <3.> 

X 

0.  00 

P55 

X 

0 .  0  0 

X  ,-4> 

X 

46  0 . 

PIS  <4> 

s 

0.  00 

P56 

= 

1 OE4MO. 00 

Y  <.  1  > 

X 

7E  0 . 

R13 

s 

61.60 

P57 

X 

3750 000. 00 

Y  '  £) 

X 

4£  0 . 

R14 

X 

11150. 00 

P5S 

X 

1 06  0  0  o  0 .  0  0 

Y  3  > 

X 

1 .5  0 . 

R15 

X 

.  E50 

P5S 

X 

0.  00 

Y  <4/ 

X 

110. 

R16 

X 

65360. 00 

P60 

X 

5 .  0  0 

UP 

= 

R17 

X 

£.  00 

P61 

X 

c'  0 .50 

PSO 

X 

6555 0 0 . 

PIS 

X 

44600. 00 

P6S 

X 

.  18 

P81 

X 

c  4  c-  (  »•  5 . 

PIS 

X 

1 000. 00 

P'63 

X 

E5.  00 

IN  VP 

= 

PEO 

X 

85.  00 

P64 

= 

1500. 00 

INVH 

X 
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Alternate  "B"  is  a  centralized  configuration  (Figure  8-3).  The  Mini- 
LSC  output  is  shown  in  Table  8-13,  while  the  TRI  TAC  output  is  shown  in 
Table  8-14. 

It  is  apparent  from  the  small  change  in  output  values  between  the 
three  configurations  that  the  primary  use  determinent  should  be  engineering 
judgement.  The  principle  difference  between  the  baseline  and  Alternate  "A" 
is  the  reduction  in  transmitters  (from  3  to  2). 
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Figure  8-3.  Phase  I  (Alternate  B)  Architecture 


Table  8-13.  Phase  I  (Alternate  B)  Mini-LSC  Output 
LOGISTICS  SUPPORT  COST  MODEL  PROGRAM  (MINI)  KDTC  10- 


MB  SUB 

SYSTEM 

LRUS 

7 

AGE  ITEMS 

SUBSYSTEMS 

LRUS 

AGE  ITEMS 

SOFTWARE 

total 

1 

3 

7 

5 

MAX 

30 

300 

£00 

100 

TOTAL 

SYSTEM  COST 

CIN  MILLIONS)  IS  * 

2. 36 

SUBSYSTEM 

COST 

FRACTION  OF 
TOTAL  COST 

MB 

1 . 3721E+06 

.5810 

SUBSYSTEM 

MB 

LRU  NAME 

COST 

FRACTION  OF 
SUBSYSTEM  COS 

FRO 

8. 3317E+05 

.  6072 

HVU 

2.9517E+05 

.2151 

L-B 

2.4375E+05 

.  1776 

1  SYSTEM 

COST  BY  EQUATION 

Cl  *  1. 144879E+06  C3  =  8.221333E+04  C5 
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Table  8-13.  Phase  I  (Alternate  B)  Mini-LSC  Output  (Continued) 
SUBSYSTEM  COST  BY  EQUATION 


SUBSYSTEM  MB 


Cl  *  1. 144879E+06 
LRU  PRO 

Cl  =  6. 1 07493E+05 
LRU  HVU 

Cl  =  2.920305E+05 
LRU  L-B 

Cl  *  2. 420992E+05 


C3  *  8.22133SE+04 
C3  =  7.742290E+04 
C3  *  3.142967E+03 
C3  =  1.647504E+03 


C5  *  1. 45  000  0E+ OS- 
CS  *  1.450000E+05 
C5  *  0. 

C5  =  0. 


TOTAL  SOFTWARE  COST  IS  *  98931 

SOFTWARE  ACQUISITION  COST  = 
SOFTWARE  SUPPORT  COST  *  * 


5.  00 

$  724500. 00 

£64825. 00 


PACKAGE  MAN  MONTHS  TO 
PROGRAM 


NUMBER  OF  MEM 
TO  SUPPORT  IT 


CDST  OF  SUPPORT 
PROGRAMMERS 


GPSF  £4 

HF  6 

JIT  5 

I/O  4 

GPSA  3 


1440. 00 
180. 0 0 
150. 0 0 
1  £  0 .  0  0 
90.  00 


1  AGE  BREAKOUT 


age  name 

TOTAL  BASE 

AGE 

TOTAL  DEPOT 

AGE 

REQUIREMENT 

REQUIREMENT 

PRO-AGE 

.  04  < 

20> 

.03  <: 

1> 

CARD  1 

.oo  <: 

0> 

.  03  < 

1> 

CARD  £ 

.00  < 

O'’ 

.  03  < 

1> 

XMTP  AGE 

.00  < 

0> 

.  00  C 

o> 

CARD  3 

.  00  (. 

0> 

.  00  < 

O'? 

f 


Table  8-13.  Phase  I  (Alternate  B)  Mini-LSC  Output  (Continued) 


1 *  36  0  0  0  0  0  .  *  -35  000.  *  145.  1 1 *  1 45 .  1 1  *  1 . 6£  >  0.76* 1  04 .  £  0 *  1  04 .20*  £5 0 

£  0.  * 17.  63 *.16*. 31*. 90 *.001*1 7£8 . *  1 7£8 . * . £4* . 08  > . £5  *  . £5* . 33  * 

CQFTWAPE*  . 15* 6000. *  15000. >  .5*5 
JIT  *  5. *  1 00. *  1 00. *  0.  005 
GPCA*  3. *  1 00. *  1 00. >  0. 005 
GPCF*  10. *  1300. *500. >  0. 01 
HP  *  6. *  1 00. *  1 00. *  0.  005 

I .  □  1 . *  1000.*  £5 0. »  . 0 05 

ME*0.*  0.  *  0  .  *0.*0. 

16. 4£ *  32 • 6£ *  0 • *  0. *  1 68 • *  1 68 .  > 1  •  £5 *  0.  *  3 

PPO*  16700. * £4£00. *£.5»£.5*0.*0.*  0.134*1. 73* £0.  *  1 . 

.  C  *  * .  0 1 »  0 .  15*0. 85*0.  01*0.  *  0 .  *  0 .  *1*0.  *  3 

PPO-flGE  *5000. *5000. » 0. *  0. *  0.1£5»  .9  *.02 

CftPD  1  *  0. *20000. » 0. » 0. » 1. » .98» . 02 

CflPD  2  *  0. *20000. *  0. *  0. *  1. » .98* . 02 

HVU *  312500. » 14400. *2. 5*2.5* 0. *  0. »  0.134*1.73*25.6*1. 

.01*.  01*  0.  15*0. 85*0.  01*0.  »Q.*Q.  *1*0.  *2 

XMTP  AGE*  5000. *  5000. *  0. >  0. *  0. 16* .82* 0. 02 
CflPD  3  *  0. >20000. *  0. *  0. *  1. * .9  * . 02 

L-B*  500000. *  12000. *2. 5*2.5* 0. *  0. »  0.  134* 1. 73  *  1 6 . *  1 . 

. 01  * . 01  *  0. 15* .85*  0. 01*0. >  0. *  0. *  1*  0. »£ 

XMTP  AGE* 5000. *5000. *  0. *  0. *  0. 16* .82*  0. 02 
CflPD  3  *0.*£0000.*0.*0.*1.».9  »• 0£ 
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Table  8-14.  Phase  I  (Alternate  B)  TRI  TAC  Output 


1  O'  l*^7§. 


HL TERNATE  “E”  LIFE  CYCLE  COST:! 


ANNUAL  a  &  S  COSTS  IN  * 
ELECTRIC  POWER 
SPECIAL  MATERIAL 
OPERATOR  PERSONNEL 
ORG.  MAI NT.  PERSONNEL 
I NT.  MAI NT.  PERSONNEL 

DEPOT  MAI NT.  PERSONNEL  5 

TOTAL  MAINT.  PERSONNEL 
SUPPORT  ECU IP.  MAINT. 

SOF TWARE  MA I N  TENANCE 

SUPPLY  PERSONNEL 

SPARE  PARTS  *•  REPAIR  MATERIAL 

I NVENTOPY  MANAGEMENT 

INVENTORY  HOLDING  17 

I NVENTOPY  ADM I N I STRAT I ON 
TRANSPORTATION 


57 1 . 


1365. 

44818. 


S457c' .  1 6 
0.  00 
0 .  0  0 


57 151 9.6* 
7  0  0  0 .  0  0 
864685 • 00 
5.  8  •-* 
6783.  38 


1 7  46c'  83 . 7 6 
387 . 65 


LIFE  CYCLE  COSTS  IN  $k' 

R  &  D  ESTIMATE 

I NVE  STMENT-NON-RECURR I NG  £ 1 3 0 0 . 

INVESTMENT-RECURRING  50*»0. 

TOTAL  INVESTMENT 

OPERATIONS  c'45. 

LOGISTICS  SUPPORT  6*886. 

OPERATIONS  &  LOGISTICS  SUPP.  TOTAL 
TOTAL  LIFE  CYCLE 'COST 


4474. 5 


71300. 00 


iz  i  iz  -S'  i  •  r ' 

1 0-36 1  £ .  4  7 
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Table  8-14.  Phase  I  (Alternate  B)  TRI  TAC  Output  (Continued) 


INPUT  COST  ELEMENT  VALUES 


PI 

as 

3 SO. 00 

Pi  l 

= 

.  14 

PS5 

S 

.  04  7  S 

Pi 

= 

5.  00 

Pii 

ss 

0.  00 

PSS 

= 

.  0  0  04 

P3 

= 

1.  IS 

P£4 

= 

0.  00 

PS7 

s 

40.  0  0 

P4 

= 

1  0 .  0  0 

P35 

= 

0 .  0  0 

P71 

= 

5 .  0  0 

P5 

= 

5.  00 

Pc'S 

= 

1 S .  4i 

P7£ 

s 

95.  nr. 

Pc. 

= 

1  0 .  0  0 

P£7 

= 

5.  00 

P75 

s 

0 .  i  j  0 

P  7 

S3.  00 

Pi  8 

= 

IS.  4i 

P7S 

= 

0 .  0  o 

PS 

= 

.  43 

P£S 

= 

70 you. 00 

TF 

= 

b 

PS 

= 

1 000. 00 

P5  0 

= 

u .  0  0 

P7S 

ss 

0.  0  0 

PI  0 

s 

0.  00 

P'51 

s 

0 .  0  0 

P7S 

ss 

0 .  0  0 

All 

= 

0.  00 

P5£ 

= 

0.  00 

X  <  1  > 

= 

1  0  7  0 .  0  0 

P  1  i  (  1  > 

s 

0.  00 

P53 

= 

U.  00 

X  <&> 

s 

7  7  0 .  0  u 

P 1  i  ••  i  > 

= 

3.  00 

P54 

= 

0.  00 

X  <  3> 

= 

530. 00 

P 1  i  <  3  > 

s 

0.  00 

P55 

= 

0.  00 

X  1 4> 

= 

480. 00 

P 1  i  <C4> 

s 

0.  00 

P5S 

= 

1 034 uo. 00 

Y<1> 

ss 

730.  0  0 

P 1 S 

s 

SI.  so 

P57 

s 

375  0 U  ■  1 0 . 0 0 

Y 

= 

430.  0  0 

P 1 4 

= 

13650. 00 

P58 

= 

1  OS  0  U  u  0 .  0  0 

Y  <3> 

= 

130.  0  0 

P 15 

= 

.  £50 

P5S 

s 

0 .  0  0 

Y  v4> 

= 

110. 0  0 

PIS 

85360. 00 

PSO 

s 

*5.  00 

UP 

= 

T 

PI  7 

= 

£.  00 

PS  1 

= 

£0.  50 

PSO 

= 

734500. Mu 

PIS 

= 

5 OS 00. 00 

PSi 

.  IS 

PSI 

= 

£84335. 00 

PIS 

= 

1  0  0  0 .  0  0 

PS  3 

= 

35.  00 

IN  VP 

= 

r 

Pi  0 

= 

35.  00 

PS-4 

= 

lb no, 00 

I NVN 

s 

T 

T1 


.j 

8.4  PHASE  II  ECONOMIC  ANALYSIS 

The  Phase  II  analysis  made  use  of  the  same  models  employed  in  Phase  I. 

8.4.1  Background  and  Assumptions 

The  configuration  for  the  Phase  II  TRW  designed  portion  consists  of 
three  Line  Replaceable  Units  (LRUs):  an  Integrated  Cormiand,  Navigation, 

Identification  Avionics  (ICNIA)  Terminal,  and  L-Band  and  VHF/UHF  trans¬ 
mitters.  This  differs  from  the  Phase  I  baseline  configuration,  but  the 
number  of  LRUs  is  similar  to  the  alternate  architectures. 

In  general,  the  economic  analysis  contains  the  maintenance  philosophy 
depicted  in  Figure  8-4.  LRUs  will  be  fault-isolated  to  the  module  (cir¬ 
cuit  board)  level  at  the  20  intermediate  level  repair  facilities.  Circuit 
cards  and  troublesome  LRUs  will  be  sent  to  the  depot  for  repair. 


$20,000 


Figure  8-4.  Maintenance  Philosophy 


Comparing  the  Phase  I  Alternate  "A"  data  base  with  that  of  Phase  II, 
the  following  important  changes  were  made: 

a)  The  programmer  cost  estimate  was  increased  from  $6Q00/MM  to 
$7500/MM. 

b)  The  number  of  software  instructions  increased  from  13,400  to 
62,790  primarily  as  a  result  of  adding  the  INS  interface. 

c)  MTBF  estimates  were  lowered: 

•  Terminal  was  17,857;  is  10,000 

•  L-band  was  500,000;  is  50,000 

•  VHF/UFH  was  312,500;  is  50,000 

d)  Cost  per  LRU  estimates  were  changed: 

•  Terminal  was  $18,200;  is  $50,000 

•  L-band  was  $12,000;  is  $14,000 

•  VHF/UFH  was  $14,400;  is  $8,000 

e)  Weight  estimates  were  changed: 

•  Terminal  was  20  pounds;  is  45  pounds 

•  L-band  was  16  pounds;  is  26  pounds 

•  VHF-UHF  was  25.6  pounds;  is  26  pounds 

f)  Cost  of  AGE  equipment  was  changed: 

•  Terminal  AGE  was  $5,000  each;  is  $200,000  each 

•  Transmitter  AGE  was  $5,000  rack;  is  $100,000  each. 

8.4.2  Phase  II  Model  Outputs 

The  Phase  II  model  outputs  reflect  the  changes  made  to  the  TRW  data 
base  (8.4.1)  and  the  addition  of  three  Harris  LRUs:  1)  GPS/JTIDS  Array, 
2)  UHF  Blade  Antenna,  and  3)  Electronic  Control  Box.  There  are  no  soft¬ 
ware  costs  associated  with  the  Harris  portion  of  the  design. 
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8.4.2. 1  Logistics  Support  Cost  Model  (LSC) 

Two  of  the  LSC  printouts  are  shown  in  Table  8-15.  In  the  first 
example,  Table  8-15a  depicts  the  MFBARS  with  the  Harris  supplied  GPS/ 
JTIDS  Array,  the  UHF  Blade  Antenna,  and  the  Electronic  Control  Box 
(ECB)  and  its  associated  AGE.  In  the  second,  Table  8- 15b  reflects 
the  MFBARS  design  with  a  simpler  TRW-supplied  GPS/JTIDS  Array  and  UHF 
blade  antenna.  It  does  not  require  an  ECB  as  its  complex  AGE. 

Due  to  the  following  reasons,  the  costs  associated  with  TRW's  three 
LRUs  increased  over  those  of  Phase  I. 

•  Cl  -  Initial  and  replacement  LRU  spare  cost  increased  due  to 
the  lowering  of  the  MTBF  estimate. 

•  C3  -  Off  equipment  maintenance  cost  also  increased  because 
of  the  lowered  MTBFs. 

•  C5  -  Cost  of  AGE  is  greater  than  Phase  I  because  the  equip¬ 
ment  cost  was  increased  to  reflect  the  more  sophisticated 
equipment  required  for  fast  turnaround. 

•  Software  support  costs  increased  because  of  the  higher 
number  of  instructions  and  the  higher  programmer  cost 
estimate. 

The  Harris  antenra  LRUs  will  not  require  their  separate  AGE.  The 
test  capability  will  be  added  to  the  AGE  for  testing  the  ICNIA  Terminal, 
thereby  permitting  some  cost  savings.  Table  8-16  defines  the  terms  used 
in  the  LSC  model. 

8. 4. 2. 2  TRI  TAC  Model 

The  output  of  the  TRI  TAC  model  is  shown  in  Table  8-17.  The  input 
cost  element  values  reflect  the  changes  outlined  in  paragraph  8.4.1. 

The  addition  of  some  cost  elements,  such  as  two  advance  development 
modules  and  product  engineering  for  the  LSIs  and  the  increased  software 
cost,  increased  R&D  costs  over  those  in  Phase  I. 

Both  operation  and  support  (O&S)  costs  and  the  total  LCC  have 
increased  over  Phase  I  projections.  The  projected  operating  and  support 
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Table  8-15a.  Phase  II  LSC  Printout  Summary 


MFBARS  LOGISTIC  SUPPORT  COST  SUMMARY 

3i  b60??33 
1 084856 
£11600 0 0 


IMITIAL  AMI*  REPLACEMEMT  LRU  SPARES 
OFF- EQU IPMEMT  MA IMT EMAMCE 
SUPPORT  EQU IPMEMT 


TOTAL  LOGISTIC  SUPPORT  COST 


I-  £38348?? 


•SOFTWARE  AQUIS1TIDM  COST 
SOFTWARE  SUPPORT  COST 


i  3?8£ 08b . 4  0 
?0?££3 . 16 


TOTAL  SOFTWARE  COST 


•t  433 930?.  56 


TOTAL  SYSTEM  COST 


3374414? 
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Table  8-15a.  Phase  II  LSC  Printout  Summary  (Continued) 


LOGISTICS  SUPPORT  COST  MODEL  PROGRAM  (MINI >  JLNH  lO-'lS  - 

Mr  SUBSYSTEM 
©  LRU  S 


9  AGE 

ITEMS 

SUBS 

YSTEMS  LRUS 

RGE  ITEMS  SOFTWARi 

TOTAL 

1  6 

9  3 

MAX 

3  0  3  0  0 

3  0  0  1  0  0 

TOTRL  SYSTEM  COST  <IM  MILL 

.  1 QMS >  IS  1  33.7 

OPTION?  •: 

TYPE  'HELP'  r  OR 

HELP  > 

SUBSYSTEM 

COST 

FRRCTIOM  OF 

TOTRL  COST 

MF 

3 . 3355E+07 

.3351 

SUBSYSTEM 

Mr 

LRU  MRME 

COST 

FRRCTIOM  OF 

SUBSYSTEM  COST 

TER 

1  .3071E+07 

.4133 

ECB 

1  . 1344E+07 

.41 39 

L-B 

3.771 3E+  05 

.  0 1 3 1 

UHF 

3  .3031E+05 

•  0  U  !'* 

GPS 

3 .9045E+03 

.  0  0  0  0 

RMT 

7 . 37 03E  +  03 

.  0  0  0  0 

1  SYSTEM  COST  BY  EQUATION 

Cl  —  c  C  ~  1  .  Oc^uSGE  +  0©  C5  —  3  ■  1  loOuOc+Or 


Table  8-15a 


Phase  II  LSC  Printout  Summary  (Continued) 


1  SUBSYSTEM  CDST  BY  EQUATION 


SUBSYSTEM  MF 


Cl  X 

6  .609  93 3E + 06 

C3  x  l .0343562+06 

C5  x 

2.1 16000E+ 07 

LRU 
Cl  x 

TER 

3.137612E+06 

C3  x  4.023517E+05 

C5  x 

2  .430000E+06 

LRU 
Cl  x 

UHF 

1  . 930036E+05 

C3  x  2  .290720E+04 

C5  x 

0.000000 

LRU 
Cl  x 

L-B 

3  .463063c 4 05 

C3  -  3 . 06332 0E+ 04 

C3  x 

0.000000 

LRU 
Cl  x 

GPS 

3  .5316502+02 

C3  -  4.322357E+02 

C5  x 

0.000000 

LRU 
Cl  x 

ANT 

3  .7211 00E+02 

C3  x  3.349232E+02 

C5  x 

0.000000 

LRU 
Cl  x 

ECB 

£ .3769302+06 

C3  x  6.274970E+05 

C3  x 

3.440000E+06 

TOTAL  SOFTWARE  COST  IS  I  43*9309 

SOFTWARE  ACQUISITION  COST  x  $  *9*c0oo.40 

SOFTWARE  SUPPORT  COST  x  t  907223.16 


PACKAGE  NAN  MONTHS  TO 
PROGRAM 

DAT  A  1  7*  « 

SGML  11* 


NUMBER  OF  MEN 
TO  SUPPORT  IT 


COST  OF  SU 
PROGRAMMER 

6495  >2 
430.1 


1  AGE  BREAKOUT 

AGE  NAME  TOT 


TER-AGE 
CARD  1 
CARD  2 
PA-AGE 
CARD  3 
ECB-AGE 
ECB— CARD 


TOTAL  BASE  AGE 
REQUIREMENT 

.09  <.  2  U  > 

.03  '■  20> 

.  03  C  2  0  > 
.04  <  £  0 > 

.02  <  20> 

.56  <  £  0 > 

.36  <  2  O'1 


TOTAL  DEPOT  AGE 
REQU I REMENT 

. 07  <  1 > 

.  i  o  c  i  > 

.IOC  1 > 

.  03  1  > 

. 04  c  1 > 

.21  <.  n 

.2?  <  1) 


cfl  ro  <a  ij 


Table  8-15a.  Phase  II  LSC  Printout  Summary  (Continued) 


1  *  3600000  .#35000.#  14  5. 11  #145.  It,  1.62*0.74*  104.20#  104.20#  250.  #10. 

207# 17.63# . IF* . 31* .90# .001  71728.# 1728 .# .247708  *725,  .25#  .33#  .15 

SCFTWARE*  .15#  7500.#  15000.*  .5#  ? 

SGNl*_  1.#  3*900. »  340.,  0.005 
DATA#  1  .,  588*907#  340.#  '  07005 

M  F  #  0.*  0.#  0.#  0.*  0. 

16. 42*32. 62*0. *0. #168. #168. #1.25*0. *6 
T  E  R#  10000 . #  5 0000 . #  2 . 5 #  2. 5#  0 . #  0.  #  0. 1 34, 1 . 73 , 45  .  #  1 . 

.01#  .01#  .85*  .*95  #  .05#  0.,  0.*  0.*  1.*  0.,  3 

TER-AG6  #200000. #200000. #20000. #20000.#  0.5#  .7  *.02 

CARD  1  ,0. *20000. #0000.' ,2000.  ,1.0#. 50*. 02 

CARO  2  #0. *20000. #0000.# 2000. #1.# .50#. 0? 

UHF*  50000. *8000. *2. 5,2. 5  »0.#0.»  0.  1 3 4* 1 . 73 # 2 6  .  *  1 . 

.Cl*. Cl#  .85#  .*95#  .05.  0.#  0.#  0.*  1..  C .  #  2 

PA-AGE  # 1 3C000. # 100000. #10000. *10000.# 1. #  .70  ,0.02 
CARD  3  *0. #20000. .0000.. 2000. #1.#. 5  #.C’ 

l-B#~  50000. #14000. ,2. 5»2. 5,0. #0.,  0. 134# 1 . 73 , 2 6  .  *  1 . 

<01*.01#0.35*.*95*.05#  0.#0«#0.#1.#0.»? 

PA-AGE  ,  100000.#  100000. #10000. .10000. ,1.,  .5#  .7*  0.,  .02 

CARD  3  #0.  »2OC0O.»OOOO.»2OCO.#l.».5  »  . 

GFS#  5C0000.#15C0.  #2.5#2 .5*0.  #0.  #0.134,1 .73#<9. ,  1  . 
•01#.C1#.85#.1#.05#0.#0«#0.#1.#0.*0 
ANT7y^Oo0077r00077 2 . 5  #Ti5r,  0. W7 0. 1  34#  1 . 73, 3 .  #  1 . 

.  01# .01# .85# .1# .05*0. #  0 . , 0 • # 1 . #0. #0 

ECB#  3 500  .  *  2  2500. *  2 . 5#  2 . 5  #0. #0. #  0.1 34# 1. 73* 1 7. # 1 . 

.C1#.C*1.&5*.;95*.05*0.*0.#0.*1.#0.#2 

ECB- AGE  *200000. ,200000. ,70000. #200 n0., 0.5#. 7#, 02 

ECB-CARD#0. *20000. #0. #2000. #0.5,0. 5#. 02 


NOTE:  Data  input  format  is  identical  to  Phase  I 
(see  Table  8-4  for  explanation) 
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Table  8-15b.  Phase  II  LSC  Printout  Summary 


Nr  BARS  LOGISTIC  SUPPORT  COST  SUMMARY 


INITIAL  AMD  REPLACEMENT  LRU  SPARES 


$  3732367 


Orr — EQUIPMENT  MAIMTEMAMCE 


HZ'  <  Z  C.-J 


SUPPORT  EQUIPMENT 


1 £73 00 00 


TOTAL  LOGISTIC  SUPPORT  COST 


J  16310132 


SOFTWARE  AQU I S I T I OM  COST 


3  3332036.40 


SOFTWARE  SUPPORT  COST 


307223 ■ 16 


TOTAL  SOFTWARE  COST 


$  4333303.56 


TOTAL  SYSTEM  COST 


*  £1733502 


Table  8-15b.  Phase  II  LSC  Printout  Summary  (Continued) 


1 


LOGISTICS  SUPPORT  COST  MODEL  PROGRAM  (MINI)  -JLMH  10.  15-79. 


Mr  SUBSYSTEM 
5  LRU  ’S 
7  AGE  ITEMS 


SUBSYSTEMS 

LRUS  AoE  ITEMS 

SOFTWARE 

TOTAL  1 

— 1 

iL 

MAX  3  0 

3  0  0  3  0  0 

1  0  0 

TOTAL  SYSTEM  COST 

<IN  MILLIONS)  IS  * 

21.30 

OPT  I  Oft?  '  TYPE  'HELP"’  FOP  HELP) 


SUBSYSTEM 

COST 

FRACTION  i 
TOTAL  COS 

Mr 

1  .691 0E+07 

■  f  5  T 

SUBSYSTEM  ?• 

IF 

LRU  NAME 

COST 

FRACTION 

SUBSYSTEM 

TER 

1  .2071E+07 

.7133 

L-B 

3  . 77 1 9E+  05 

.  0223 

•JHF 

2 .  2091E+05 

.0131 

GPS 

7.7020E+02 

.0000 

AMT 

7.5703E+02 

.0000 

1  SYSTEM 

COST  BY  EQUATION 

Cl  —  3 .732367E+06  US*  —  ,373*25 1E+ 05  C5  —  1  .27200CE+U7 
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Table  8- 1 5b .  Phase  II  LSC  Printout  Summary  (Continued) 


1  SUBS  YSTEM  COST  BY  E3UMT  I  DM 


SUBSYSTEM  Mr 


Cl  - 

3.732337E+0G 

C3  -  4.573251E+05 

C5  - 

1  .27200  0E+07 

LEU 
Cl  = 

TER 

3 . 1 3  7G 1 £E+Uc 

C3  -  4 . 0235 1 7E+05 

C5  - 

3  .4300  0  0E +03 

LEU 
Cl  - 

UHF 

1  .  330033E+05 

C3  —  2 .230720E+04 

C5  - 

0 . 0  0  0  0  0  0 

Lr'iJ 
Cl  = 

L-B 

3  •  *4  c  o  u  o  S'  2 +  0  5 

C3  —  3 . 03832 0E+ 04 

C  _ 

*-  — 

0 . 0  0  0  0  0  0 

LRU 
Cl  - 

Gr'S 

3.721 100E+02 

C3  —  3 .330857E+02 

C5  - 

0 . 0  0  0  0  0  0 

LRU 

Cl 

ANT 

3 .7211 0 0E+ 02 

C3  —  3  .843232E+08 

C3  - 

0 . 000000 

TUT AL  SOFTWARE 
SOFTWARE 
SOFTWARE 

COST  IS  $  43333 03. 

ACOUIS1T IOM  COST  -  T 
SUPPORT  COST  -  i  30 

Sc 

3332033 .40 

7223.13 

PACK AcE 

MAM  MOUTHS  TO 
PROGRAM 

HUMBER  Dr  MEM 

TO  SUPPORT  IT 

C O S T  OF  S U P P 0 R  T 
PROGRAMMERS 

DATA 

173. 

1  . 

3435  .22 

SGML 

1 1  . 

0. 

430.15 

AoE 

BREAK  OUT 

AGE  NAME 

TOTAL  BASE 

AGE 

TOTAL  DEPOT  AGE 

REC'U  I REMEMT 

r'EOU  I  REMEMT 

TEP-AGE 

.03  < 

20  ■ 

.07  ■  l  ' 

CARD  1 

.05  ( 

2  0  > 

.  1  0  1  1 

C  rip  D  2 

.  05  i 

2  0  ' 

.10  •  1 > 

PA— AGE 

.  04  •: 

2  0  > 

. 03  <  1  > 

CARD  3 

.  02  < 

20  > 

.  04  1  1 > 
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Table  8-1 5b.  Phase  II  LSC  Printout  Summary  (Continued) 


1  * 36 0 0 0 0 0  .  *35000. *145.11  *  1 45 .11*1. 6£ *0.76*1 04 . £  0  *  1 04 . £  0  *25 0 . *10 

£0  .  *  17  .63  * .  16  *  .31  *  .3*0  * .  001  *  1723  •  *  1723  .  *  .£'4  *  .  03  *  *£5  *  .£5  *  .33  *  .  15 

SOFTWARE  *  .15?  75  0 0  .  *  15  0 0 o  .  *  .  5 ?  £ 

*  1  .  *  r*  0  0  .  *  j*4  0  «  *  0 . 0*05' 

DATA  *  1  .  *  533?  U  .  *  34  0  .  *  0  •  005 

MF  *  0  .  *  0  .  ?  0  .  *  0  .  *  0  . 

1  <:■ . 4£  *  3£  •  6c  *  0  .  *  0  .  *  1 6  o  .  *  1 63  •  *  1  .£3*0.  * 5 

TER  *  1000  0.  *  5  0  0  0*  0  •  *  £  .  3  *  c*  •  5  *  0  •  *  0* .  *  0.1 6*4  *1  .73  *  4  3  .  *1  • 

.01  *  .01  *  .35  *  .95  *  . 05  >  0 . *  0 . ?  0  .  *  1  .  *  0  .  >  3 

TER-ASE  *200000 . *£00000 . *£oOOO . *20000 . *  0.5*  .7  * . 02 

CARD  1  *  0  .  >£0000  .? 0000  .  *£00  0.  ?1.0*.50*.0£ 

CARD  £  ?  0 . *20000 . > 0000 . >2000 . > 1 . * .50  * . 0£ 

UHr  *  3  0  0 0  0 • *  3  0  0  0 • *  £ . 5  *  c  .  5  *  0 . *  0 . ?  0.1 34  *  1  . 73  ?£6  .  *  1  . 

•  01  *.01*  .  35  *  .  95  *  .  05'  •  u  .  *  U  .  *  0  •  *  1  •  *  0  •  *  £ 

PA-ACE  *  1 0 0  0 0 0  .*10  0 0 0  0 . *  1  0 0 0 0  .  *  1 0 0 0  0  .  *  1  .  *  .70  *  0 . 02 
CARD  3  *  0  .  *  £  0 0 0 0  .  *  0 0 0 0  .  *  £  0  0  0  .  ? 1 . * . 3  * . 0£ 

L— E ?  5 0 0  00. *14000.  *£  •  3  *  2 . 5  *  0  .  *  0  .  *  0 .134*1  . 73  * £6  .  *  1  . 

•  0 1  * . 0 1  *  0 . 3 3  ? . 95  * . 05  *  0 . ?  0 . *  u . *  1  •  *  0  •  ?  3 

PA- ACE  *  1 0 0 0 0 0  .  *  1 0 0 0 0 0 . *  1 0 0 0 0 . *  1 0  0  0  0  .  *  1  .  *  .  5  *  .  7  >  0  .  *  .  02 

CARD  3  *  0  .  *  £  0  0  0  0  .  *  0  0  0  0  .  *  £  0  0  0  .  *  1  .  *  .  5  *  .  02 

CPS  *500000. *1000. >£ .5  *£ .5*0. *  0 . *0.1 34  *  1  .73*9.  *  1  . 

. 0 1  * . 0 1  *  .  33  *  .  1  *  .  05  *  0  .  *  0  .  *  0  .  *  1  .  *  0  .  *  0 

AMT  *500000 . *1000. *£ .5  *£ .5  *  0 . *0 . *  0 . 134  *  1  .73  *3 . *  1  . 

.  01  *  .  01  *  .35  *  .  1 ?  .  03  *  0  .  *  0  .  *  0  .  ? 1  .  *  0  .  >  0 


-305- 


Table  8-16.  LSC  Definition  of  Terms 


Term 

Definition 

SGNL 

Software  package  for  ICNIA  terminal  signal  processor 

DATA 

Software  package  for  ICNIA  terminal  INS  interface 

MF 

Name  assigned  to  MFBARS  subsystem 

TER 

ICNIA  terminal 

TER-AGE 

AGE  to  test  the  ICNIA  terminal 

CARD  1 

AGE  to  test  part  of  the  cards  complement  of  the  ICNIA 
terminal 

CARD  2 

AGE  to  test  part  of  the  card  complement  of  the  ICNIA 
terminal 

UHF 

VHF/UHF  power  amplifier 

PA-AGE 

AGE  to  test  both  the  VHF/UHF  power  amplifier  and  the 

L-Band  power  amplifier 

j  CARD  3 

AGE  to  test  the  cards  of  both  power  amplifiers 

j  L-B 

L-Band  power  amplifier 

GPS 

GPS/JTIDS  array 

ANT 

UHF  blade  antenna 

ECB 

Electronic  control  box  for  the  antennas 
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Table  8-17.  Phase  II  TRI  TAC  ICNIA  Terminal  Input  and  Cost  Printout 


INPUT  COST  ELEMENT  VALUES 


R  I 

■ 

360.00 

R21  • 

.15 

965 

■ 

.0476 

R2 

• 

5.00 

R22  - 

0.00 

R66 

a 

.0004 

R  3 

■ 

1.19 

R24  • 

0.00 

R67 

a 

40. cc 

R4 

• 

10.00 

R25  ■ 

0.00 

971 

a 

5.CC 

R5 

■ 

5  .00 

R26  • 

16. 4> 

R?2 

a 

95. CC 

R6 

■ 

10.00 

R27  • 

5.00 

9  75 

a 

O.CO 

R  7 

• 

23.00 

928  • 

16.42 

976 

a 

0.00 

R  8 

■ 

.48 

»29  ■ 

200000.00 

TF 

a 

8 

R9 

■ 

1000.00 

950  • 

0.00 

R78 

a 

0.00 

RIO 

■ 

0.00 

951  • 

0.00 

R79 

a 

0.00 

R  11 

■ 

0.00 

952  • 

0.00 

X(l> 

a 

1070.00 

R12(l) 

m 

1.00 

953  ■ 

0.00 

x  ( 2 ) 

a 

77C.CC 

R 12  <21 

m 

0.00 

954  • 

0.00 

X  ( 3 ) 

a 

5  80 . CO 

R 12  <  31 

a 

0.00 

955  • 

0.00 

X I  4 ) 

a 

460.00 

R12I4I 

• 

0.00 

956  ■ 

0.00 

T<1> 

a 

720. CC 

R 1  3 

a 

45.00 

95  7  - 

0.00 

Y  ( 2  1 

a 

420. CC 

914 

a 

50000.00 

R58  • 

0.00 

Y  ( 3  1 

a 

130.00 

R15 

a 

.250 

956  ■ 

0.00 

Y(4) 

a 

110. CC 

R 16 

m 

1000.00 

960  ■ 

5.00 

UP 

a 

T 

R17 

m 

2.00 

961 

45.00 

R80 

a 

3884100.00 

RIO 

• 

50000.00 

962  ■ 

.18 

981 

a 

907223.00 

R  19 

a 

1000.00 

963  • 

25.00 

INVR 

a 

T 

R20 

a 

85.00 

964  • 

1500.00 

INVN 

a 

T 

09/28/79. 

ICNIA  TERMINAL 

ANNUAL  0 

*  S  COSTS  Vi  t 

fcLECTRIC 

POWER 

25920.00 

SPECIAL 

MATERIAL 

0.00 

OPERATOR 

PERSONNEL 

O.CO 

0 

□RG.  MAINT.  PERSONNEL 

1477, «0 

0 

INT.  MAINT.  PERSONNEL 

11731. ?8 

0 

OEPOT  MAINT.  PERSONNEL 

563453.81 

0 

TOTAL  MAINT.  PERSONNEL 

576162.89 

0 

SUPPORT  EOUIP.  MAINT. 

20000.00 

0 

SOFTWARE  MAINTENANCE 

907223.00 

0 

SUPPLY  PERSONNEL 

381.27 

0 

SPARE  PARTS  »  REPAIR  MATERIAL 

1 755  COO. CO 

0 

INVENTORY  MANAGEMENT 

755.00 

0 

INVENTORY  HOLOING 

1573175.00 

0 

INVENTORY  ADMINISTRATION 

1523930. CO 

0 

A 

TRANSPORTATION 

57C50. 15 

o 

0 

LIFE  CYCLE  COSTS  IN  SK 

- 

R  -  0  ESTIMATE 

3884.10 

0 

INVESTMENT-NON-RECURRING 

20000.00 

0 

INVESTMENT-RECURRING 

50000.00 

0 

TOTAL  INVESTMENT 

70000.00 

0 

OPERATIONS 

756.20 

0 

LOGISTICS  SUPPORT 

48397,47 

0 

OPERATIONS  »  LOGISTICS  SUPP.  TOTAL 

48656.67 

0 

TOTAL  LIFE  CYCLE  COST 

122540.77 
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Table  8-17.  Phase  II  TRI  TAC  ICNIA  Terminal  Input  and  Cost  Printout 
(Continued) 

INPUT  COST  ELEMENT  VALUFS 


R  1 

360. 00 

»21  • 

.20 

Re5  • 

.0476 

R2 

5.00 

R22  • 

0.00 

R66  • 

•  00C4 

R3 

1.19 

R24  • 

0.00 

R67  • 

40. CC 

R4  • 

10.00 

P25  • 

0.00 

P  71  • 

5.CC 

R5  • 

5.00 

926  • 

16.42 

R  72 

95. CC 

Rb  • 

10.00 

R  2  7  ■ 

4.00 

R  75  • 

O.CO 

R  7 

23.00 

»25  • 

14.49 

R  76 

0  .  CC 

R  8  • 

.48 

929  ■ 

100000.00 

TF 

9 

R  9  ■ 

1000.00 

R  5  0  • 

0.00 

R  78  • 

O.CO 

RIO  • 

0.00 

R51  • 

0.00 

R  79  • 

O.CO 

R 1 1 

0.00 

®52  ■ 

0.00 

XII) 

1070.00 

R 12 (  1 1  • 

0.00 

953  • 

0.00 

x  ( 2  > 

770. CC 

R 12 ( 2 )  • 

0.00 

954  « 

0.00 

X  ( 3 ) 

seo.CG 

R12(3)  • 

1.00 

R59  • 

0.00 

X  ( 4  1  ■ 

460.00 

R12(4)  ■ 

0.00 

956  ■ 

0.00 

T  ( 1 ) 

72C.CC 

R13 

26.00 

957  « 

0.00 

T  ( 2  1 

420. CC 

R 14  • 

14C00.00 

R  5  9  • 

0.00 

Y  1 3  ) 

130. CC 

R  15 

.250 

95  9  ■ 

0.00 

Y(4) 

110. CC 

R  16 

50000.00 

961  • 

5.00 

UP 

T 

R  1 7  • 

2.00 

R61 

26.00 

R  80  • 

o.cc 

R  16 

14000.00 

962 

.1* 

R81 

O.CO 

R 19  • 

10C0. 00 

963  • 

25.00 

INVR  • 

T 

R20 

65.00 

964  * 

1500.00 

INVN  ■ 

T 

09/28/79 


n 

L-8AN0  °nwe9  4 ■8l  T  F  T  c9 

U 

0 

ANNUAL  0  4  S  COSTS  IN 

1 

- 

ELECTRIC  POWER 

34560. CO 

0 

SPECIAL  MATERIAL 

o.cc 

0 

OPERATOR  PERSONNEL 

O.CO 

0 

CRG .  MAINT,  PERSONNEL 

29.44 

0 

INI.  MAINT.  PERSONNEL 

224.63 

0 

DEPOT  MAINT.  PERSONNEL 

l8 49 20. 46 

0 

TOTAL  MAINT.  PERSONNEL 

165174.74 

0 

SUPPORT  EQUIP.  MAINT. 

lOOOC.OO 

0 

S3E  TvAR  £  MAINTENANCE 

0.00 

c 

SUPPLT  PERSONNEL 

7.63 

0 

SPARE  PARTS  -  REPAIR  MATERIAL 

9e2e.CC 

0 

INVENTORY  MANAGEMENT 

175.00 

0 

inventory  holding 

491569,79 

0 

INVENTORY  ADMINISTRATION 

482044,76 

0 

r 

TRANSPORTATION 

659.26 

y 

0 

LIFE  CYCLE  COSTS  IN  tK 

- 

R  «  0  ESTIMATF 

O.CO 

0 

INVESTMENT-NON-RECURRING 

5600.00 

0 

INVESTM-ENT-RECURRING 

14000.00 

c 

TOTAL  INVESTMENT 

19600,00 

0 

OPERATIONS 

345.60 

0 

LOGISTICS  SUPPORT 

6577,14 

0 

OPERATIONS  *  LOGISTICS  SURP.  TOTAL 

7222.74 

0 

TOTAL  LIFE  CYCLE  COST 

26622.74 

t 


Table  8-17.  Phase  II  TRI  TAC  ICNIA  Terminal  Input  and  Cost  Printout 
^Continued) 

INPUT  COST  *L  *NFNT  VALUES 


R  1 

360.00 

R21 

.15 

R65  • 

.0476 

1 <2 

5.00 

P22 

0.00 

966  • 

.0004 

R  3  • 

1.19 

924  • 

0.00 

96  7  • 

40.  cc 

R  4  • 

10.00 

R  25  « 

0.00 

971 

5.CC 

R5 

5.00 

R26  • 

14.4? 

fi  72 

95. CC 

R6 

10.00 

927  « 

5. 00 

975 

O.CC 

R  7 

23.00 

928  ■ 

16.42 

R  76  ■ 

o.cc 

R  8  • 

.48 

929  • 

iooooo.no 

TF 

e 

R  9  • 

1000.00 

9  50  ■ 

0.00 

978  • 

0.00 

RIO  • 

0.00 

951  « 

0.00 

979  • 

c.cc 

Rll  • 

0.00 

95  2  ■ 

0.00 

9(1) 

1070. cc 

R 12 ( 1  >  • 

0.00 

951 

0.00 

X  (  2  )  ■ 

770.00 

R 12 ( 21  • 

0.00 

955  ■ 

0.00 

xm 

580.00 

R 12 ( 3)  • 

1.00 

955  ■ 

0.00 

X  (4)  • 

460. CC 

R1214)  • 

0.00 

RS6 

0,00 

TCI) 

720. CO 

R 13  • 

26.00 

R  5  7  • 

0.00 

T  (  2  )  • 

420.00 

R14  • 

P000.00 

955 

0.00 

T  (  3  ) 

13C.CC 

R15  • 

.250 

959  « 

0.00 

T  C  4  ) 

110. CO 

R  16 

50000.00 

960 

*.00 

UP  ■ 

1 

R  1 7  • 

2.00 

06  1  • 

26.00 

980  ■ 

O.CO 

R18  • 

8000.00 

s6  2  > 

.1* 

981 

c.cc 

R 19  • 

10C0. 00 

963 

>5.00 

INVR  • 

T 

R20 

85.00 

R  6  6  • 

1500.00 

INVN  • 

T 

C9/28/79. 

VMF/UMF  POWER  i«PlIPTP» 

0 


0 

X NN UA L  0  *  S  COSTS  IN  « 

- 

Electric  powFp 

25420.00 

0 

SPECIAL  MATERIAL 

c.cc 

0 

OPERATOR  PERSONNEL 

O.CO 

0 

0R6.  MAINT.  P  F 9  SGNN  EL 

29.56 

0 

INT.  NAINT.  PERSONNEL 

224.63 

0 

CEPOT  NAINT.  PERSONNEL 

114146,69 

0 

TOTAL  NAINT.  PERSONNEL 

114403.87 

0 

SUPPORT  ECUIP.  NAINT. 

13CC0.00 

0 

software  naintenance 

c.cc 

0 

SUPPLY  PERSONNEL 

7.63 

0 

SPARE  PARTS  *  REPAIR  NATEBIAL 

5616. UO 

0 

Inventory  nanagement 

175.00 

c 

INVENTORY  HOLDING 

775154,1 6 

0 

INVENTORY  AONINISTBATTON 

275529. 16 

0 

rt 

transportation 

659.26 

V 

0 

LIRE  CYCLE  COSTS  IN  SK 

- 

R  •  D  ESTINATE 

C  .00 

0 

I NVESTN ENT-NON-RECURRING 

3230.00 

0 

I NVESTN ENT— RECURRING 

pono.oo 

0 

TCTAL  INVESTNENT 

1120C.C0 

0 

OPERATIONS 

’59,20 

0 

LOGISTICS  SUPPORT 

406?  .14 

0 

OPERATIONS  •  LOGISTICS  SUP9,  TOTAL 

4321.36 

0 

TOTAL  life  CYCLE  COST 

15521.36 
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Table  8-17.  Phase  II  TRI  TAC  ICNIA  Terminal  Input  and  Cost  Printout 
(Continued) 


IN»UT  COST  ELFNRNT  VALU'S 


*1 

360.00 

»21  • 

0.00 

R65  ■ 

.0676 

R2 

5.00 

»22  • 

0.00 

Rbb  • 

.0006 

R3 

1.  19 

*26  • 

0.00 

R67  • 

60.  CC 

R6  • 

10.00 

R  25  • 

0.00 

R  71  • 

5. CO 

R5  • 

5.00 

R26 

16.62 

R  72 

95.  CO 

R6 

10.00 

R27  • 

5.00 

R75  • 

O.CC 

R7  ■ 

23.00 

R28  • 

16.62 

R76  • 

O.CO 

R  8  • 

.<•8 

R29  • 

0.06 

TF 

B 

R9  • 

1000.00 

R50  • 

0.00 

R78  • 

C.CC 

RIO  ■ 

0.00 

R51  • 

0.00 

R  79  • 

O.CO 

fill 

0.00 

R52  • 

0.00 

*C1) 

1070.00 

R 12  1  ll  - 

0.00 

#53  • 

0.00 

X  (  2  )  ■ 

770.00 

R 12 ( 2 1  ■ 

0.00 

*56  ■ 

0.00 

x  1  3 1  ■ 

580. CC 

R 12  C  3  )  • 

1.00 

R55  • 

0.00 

X  1 6  1  • 

660.00 

R 12 ( 6 1  ■ 

0.00 

R  5  6  • 

0.00 

mi  • 

720.00 

R13 

12. <>0 

R57  • 

0.00 

r  c  2 » 

620.00 

R16  ■ 

3000.00 

*5  A  ■ 

0.00 

7(3)  ■ 

130. CC 

R 15  • 

.250 

R*  9  ■ 

0.00 

7(61 

110.00 

Rib 

50000.00 

R60  ■ 

*.00 

UP  • 

T 

R 1 7  • 

2.00 

*61  • 

12.60 

R  80  ■ 

C.CC 

R18  • 

3000.00 

R62  • 

.1  * 

R  8 1 

O.CO 

R19 

1000.00 

*6  3  • 

25.00 

IfcVR  ■ 

T 

R20  • 

85.00 

*6  6  • 

1600.00 

INVN  ■ 

T 

09/28/79 


GPS/JTins  ARRAY 

0 


0 

ANNUAL  0  «  S  COSTS  IN 

t 

- 

ELECTRIC  POWER 

0.00 

0 

SPECIAL  MATERIAL 

O.CO 

0 

OPERATOR  PERSONNEL 

0.00 

0 

ORG.  haint.  personnel 

79.56 

0 

INT.  NAINT.  PERSONNEL 

>26,63 

0 

OEPOT  NAINT.  PERSONNEL 

6P2T7.3B 

0 

TOTAL  NAINT.  PERSONNEL 

68531.56 

0 

SUPPORT  EOUIP.  NAINT, 

C.CC 

0 

SOFTWARE  MAINTENANCE 

0.00 

0 

SUPPLY  PERSONNEL 

7.63 

0 

SPARE  PARTS  *  REPAIR  MATERIAL 

2106.00 

0 

INVENTORY  MANAGEMENT 

175.00 

0 

INVENTORY  HOLDING 

103257. «1 

0 

INVENTORY  ADMINISTRATION 

103632. El 

0 

n 

transportation 

316.66 

w 

0 

LIFE  CYCLE  COSTS  IN  SR 

- 

R  *  0  ESTIMATE 

C.CC 

0 

INVESTMENT-NCN-RECUPRINC- 

1200.00 

0 

IN VESTMENT-RECURRING 

3000.00 

0 

TOTAL  INVESTMENT 

6200.00 

0 

OPERATIONS 

0.00 

0 

LOGISTICS  SUPPORT 

1563,92 

0 

OPERATIONS  -  LOGISTICS  SU*P.  TOTAL 

1563.92 

0 

TOTAL  LIFE  CYCLE  COST 

5763.92 

Table  8-17.  Phase  II  TRI  TAC  ICNIA  Terminal  Input  and  Cost  Printout 
(Continued) 


IN®UT  COST  VALUES 


R 1  • 

360.00 

R2  1 

• 

0.00 

P65 

.04  76 

R  2 

5.00 

»22 

■ 

0.00 

R66 

.  C  C  C  4 

R  3 

1.19 

924 

■ 

0.00 

R67 

40.00 

R4 

10.00 

R24 

• 

0.00 

R71 

5.CC 

R  5 

5.00 

926 

■ 

14.4? 

R72 

95. CC 

R6  • 

10.00 

927 

• 

5  .00 

R  75 

O.v.0 

k  7  • 

23.00 

R  ?  8 

■ 

16.4’ 

R  76 

0.00 

P  8  • 

•  4  P 

92  9 

■ 

0.00 

TF 

0 

R  9  ■ 

1000.00 

950 

■ 

0.00 

R  78 

c.cc 

RIO  • 

0.00 

951 

■ 

O.PO 

R  79 

o.cc 

RU  • 

0.00 

R  5  2 

■ 

0.00 

7(1) 

1073.00 

R  12  (  1)  • 

0.00 

A  5  3 

■ 

0.00 

7(2  ) 

770.00 

R  1 2  C  2  )  • 

0.00 

944 

■ 

o.no 

7(3) 

58C.CC 

R 12 ( 3  >  • 

0.00 

R55 

■ 

0.00 

7(4  ) 

460. CC 

R  12  (  4  )  ■ 

1.00 

R56 

• 

0.00 

Y  (  1  ) 

720.00 

R13  • 

4.00 

R57 

■ 

0.00 

Y(2) 

420. CC 

R14 

1000.00 

958 

m 

0.00 

Y(3) 

130. CC 

R 1 5 

.250 

959 

9 

0.00 

Y  (  4  ) 

1 10. CO 

R 1 6 

50000.00 

940 

■ 

5.00 

UP 

T 

R 1  7 

2.00 

96! 

• 

4.00 

R  60 

O.CC 

R 1  8 

1000.00 

96? 

■ 

.19 

R  6 1 

o.cc 

R 19  • 

1000.00 

963 

m 

25.00 

INVR 

T 

R20 

85.00 

964 

• 

1500.00 

I  N  V  N 

T 

C9/20/79. 

C] 

UHF 

HAD*  ANTCNNA 

0 

ANNUAL  0 

«  S  COSTS  IN  $ 

- 

ELECTRIC  POWER 

0.00 

0 

SPECIAL  MATERIAL 

0.00 

0 

OPERATOR  PERSONNEL 

C.00 

0 

CRG.  NAINT 

.  ffrsonnfl 

29.56 

o 

INT.  NAINT 

.  PERSONNEL 

”4.63 

0 

DEPOT  NAINT.  PER SCNNFL 

19255.46 

0 

TOTAL  NAINT.  PERSONNEL 

18509.64 

0 

SUPPORT  EOUIP.  NAINT. 

C.00 

0 

SOFTWARE  NAINTENANCE 

C.CO 

0 

SuPPLT  PERSONNEL 

7.63 

0 

SPARE  PARTS  •  REPAIR  N4TERTAL 

702. CC 

0 

INVENTORY 

NAN AGE  NE  NT 

145.00 

0 

inventory 

MOLDING 

14419.27 

0 

INVENTORY 

AONINISTRATIPN 

34564.27 

0 

r> 

TRANSPORTATION 

101.46 

0 

LIFE  CYCL e  COSTS 

IN  t* 

- 

R  *  0  ESTINATE 

o.co 

0 

investnent 

-NON-RECURRING 

400.00 

0 

INVESTNENT 

-RECURRING 

1000.00 

0 

TOTAL  INVESTNENT 

o 

O 

• 

o 

o 

0 

OPERATIONS 

0.00 

0 

LOGISTICS 

SUPPORT 

4  3*. *5 

0 

OPERATIONS 

*  LOGISTICS 

SL'PR, 

TOTAL 

5  38.65 

0 

TOTAL  life 

CYCLE  COST 

1938.85 
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Table  8-17.  Phase  II  TRI  TAC  ICNIA  Terminal  Input  and  Cost  Printout 
(Continued) ■ 


INPUT  COST  El?»F NT  VALUES 


81 

360.00 

»2  1  • 

.07 

865  • 

.0474 

R2 

5.00 

»  2  2  » 

0.00 

866  • 

.  CCC4 

83 

1.18 

824  • 

0.00 

867 

40. CO 

R4  • 

10.00 

825  . 

0.00 

871  ■ 

5.0C 

85 

5.00 

«26 

16.42 

872  • 

95. CC 

86  • 

10.00 

827  • 

5.00 

875 

O.CC 

8  7 

23.00 

828  • 

14.4? 

8  76  • 

0  .uO 

86  • 

.48 

826  • 

200060.00 

TF 

B 

8  9  • 

1000.00 

»50 

0.00 

8  78 

c.cc 

810  • 

0.00 

851  • 

0.00 

879  • 

O.CC 

811  • 

0.00 

852  ■ 

0.00 

X(l) 

1070.00 

812(1)  • 

0.00 

»53  ■ 

0.00 

X  ( 2  ) 

770. CO 

812(2)  - 

1.00 

854  « 

0.00 

X  (  3  ) 

58C.CC 

812(3)  * 

0.00 

»55 

0.00 

X  ( 4  )  • 

460. CO 

812(4)  • 

0.00 

856  • 

0.00 

7(1) 

720.00 

813  • 

17.00 

»57  • 

0.00 

7(2 )  • 

420. CC 

814  • 

22500.00 

858  * 

0.00 

7(3) 

130. CC 

815  • 

.250 

856  • 

O.oo 

7(4) 

110. CO 

816 

1000.00 

»40  • 

5.00 

UP  • 

T 

8  17  • 

2.00 

861  • 

17.00 

88C 

C.CC 

818 

22500.00 

84  2  • 

.1“ 

881 

O.CC 

819 

1000.00 

«4  3 

>4.00 

INVR 

T 

820  • 

P5.00 

864  • 

1400.00 

INVN  • 

T 

C<J/ 28 /  7«9 


'I'CTRONIC  C 09 To 01 

any 

U 

0 

ANNUAL  0  »  S  COSTS  IN  % 

- 

ELECTRIC  POWER 

12C96.CC 

0 

SPECIAL  MATFRIAL 

C.00 

0 

OPERATOR  PERSONNEL 

o.co 

0 

CRG.  MAInT.  °ER$ONNCL 

1477. •O 

0 

int.  naint.  personnel 

11»31.?« 

c 

DEPOT  NAINT.  PERSONNEL 

27»>02.4? 

0 

TOTAL  NAINT.  PERSONNEL 

290911.5  1 

0 

SUPPORT  EQUIP.  MAINT. 

20000.00 

0 

software  MAINTENANCE 

O.CO 

0 

SuPPL  7  PERSONNEL 

361.27 

0 

SPARE  PARTS  *  REPAIR  MATERIAL 

7e9  75C.C0 

0 

INVENTORY  management 

455 .00 

0 

INVENTORY  MOLOING 

68*425.75 

0 

INVENTORY  ADMINISTRATION 

685883.75 

0 

n 

TRANSPORTATION 

21553.43 

u 

0 

LIFE  CYCLE  COSTS  IN  »* 

- 

8  »  D  ESTIMATE 

0.00 

0 

INVESTMENT-nON-becuRBING 

0000.00 

0 

INVESTMENT-RECURRING 

>2400.09 

0 

TOTAL  INVESTMENT 

31500.00 

0 

OPERATIONS 

170.94 

Q 

LOGISTICS  SUPPORT 

1 8094.80 

0 

OPERATIONS  *  LOGISTICS  5UPP.  TOTAL 

'  18205.76 

0 

TOTAL  LIFE  CYCLE  COST 

49705.76 
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Table  8-17.  Phase  II  TRI  TAC  ICNIA  Terminal  Input  and  Cost  Printout 
(Continued) 


INPUT  COST  FL'MENT  values 


R1 

360.00 

»21 

0.00 

R65  « 

.0476 

R2 

5.00 

9  22 

0.00 

R66  ■ 

.  CCC4 

R3 

l.  19 

R  2  4 

0.00 

R  67  • 

40. CC 

R  4  ■ 

10.00 

R25 

0.00 

R  71 

5. CO 

P  5 

5.00 

R24 

16.47 

R72 

95.  CC 

R6  ■ 

10.00 

R27 

5.00 

R  75  • 

O.CC 

R  7 

23.00 

R  B  8 

14.42 

R  76  • 

O.CC 

R8  • 

.48 

9?9 

0.00 

IF 

5 

R  9  • 

1000.00 

»50 

0.00 

R  76  • 

c.cc 

RIO  ■ 

0.00 

B5  1 

0.00 

R  75  • 

o.co 

RU 

0.00 

R5? 

0.00 

XIII  ■ 

1070.  CO 

R 12  < 1)  - 

0.00 

R53 

0.00 

X  ( 2  >  • 

770.00 

R 12 ( 2)  • 

0.00 

R54 

0.00 

x  (  3 ) 

58C.CC 

R 12 ( 3t  • 

0.00 

955 

0.00 

X  (  4  )  . 

460. CC 

R12<4I  ■ 

0.00 

R44 

102400.00 

Y  1 1 »  • 

720.  CC 

R 1 3  ■ 

0.00 

R57 

20000000.00 

Y(2) 

420. CC 

R  1 4  ■ 

0.00 

R5S 

12000000.00 

Y  ( 3 ) 

130. OC 

R 13  • 

.250 

9 

0.00 

Y  { 4  )  • 

110.00 

Rib  « 

0.00 

0*0 

5.00 

IP  ■ 

1 

R  1  7  • 

2.00 

9*1 

0.00 

R  60 

C.CC 

R18  • 

0.00 

9*  2 

.1° 

Rei 

O.CC 

R  1 9  • 

1000. CO 

963 

25.00 

I NVR  • 

T 

R  20 

85.00 

964 

1500.00 

INVN  • 

T 

09/28/79. 

•systensw  ccsts  fob  following 

itMi  TFBNlNiL 
L-8AN0  BOWES  AMPLIFIER 
VHF/uMF  BOWER  4NPLIFIF* 
5PS/JTI0S  A99AY 
IJHF  4LA0F  AN  Tc  NN  A 
ELECTRONIC  CON  TP  nL  POX 


o  1 

ANNUAL  0  «  5  COSTS  in  i 
ELECTRIC  POWER 

C.00 

0 

SPECIAL  MATERIAL 

o.co 

0 

OPERATOR  PERSONNEL 

o.co 

0 

CRG.  MAINT.  PERSGNNFl 

0.30 

0 

l  NT .  MAINT.  PERSONNEL 

0.00 

0 

OE  POT  MAINT.  PERSONNEL 

0.00 

0 

TOTAL  MAINT.  P FR  SONN EL 

O.OG 

0 

SUPPORT  EQUIP .  MAINT. 

c.co 

0 

SOFTWARE  MAINTFNANCE 

C.00 

c 

SUPPLY  PERSONNEL 

0.00 

0 

SPARE  PARTS  *  REPAIR  naTFPIAL 

c.cc 

0 

Inventory  management 

0.00 

0 

INVENTORY  NOLO ING 

1.00 

0 

INVENTORY  ADMINISTRATION 

o.co 

0 

/■l 

TRANSPORTATION 

O.CC 

u 

0 

LIFE  C YCL '  COSTS  IN  S* 

R  *  0  ESTIMATE 

20COG.UO 

0 

INVESTMENT-NON-RECURRING 

12000,00 

0 

INVESTMENT-RECURRING 

0.00 

0 

total  INVESTMENT 

12000.00 

0 

OPERATIONS 

0.00 

0 

LOGISTICS  SUPPORT 

1024,00 

0 

OPERATIONS  *  LOGISTICS  SU»P.  TOTAL 

1C24.C0 

0 

TOTAL  LIFE  CYCLF  COST 

33024.00 
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Table  8-17.  Phase  II  TRI  TAC  ICNIA  Terminal  Input  and  Cost  Printout 
(Continued) 


09/28/79. 

TOTAL  COSTS  OVER  FANILYI 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

c 


ICNtA  TeSMINAL 
L-BANO  »OWFR  A*»ITFIF» 
VHF/UHF  POWFR  ANPLIFYPR 
GFS/JTJOS  ARRAY 
UHF  8 L  A  OF  ANTENNA 
ELECTRONIC  CONTROL  »r* 


ANNUAL  0  *  S  COSTS  IN  * 
ELECTRIC  POWER 
SPECIAL  MATERIAL 
OPERATOR  PERSONNEL 
ORG.  NaINT.  PERSONNEL 
INT.  NAINT.  PERSONNEL 
CEPQT  NAINT,  PERSONNEL 
TOTAL  NAINT,  PERSONNEL 
SUPPORT  EQUIP ,  NAINT. 

SOFTWARE  MAINTENANCE 
SUPPLY  PtPSONNEl 
SPARE  PARTS  ••  REPAIR  MATERIAL 
Inventory  management 

INVENTORY  HOLDING 
INVENTORY  ADMINISTRATION 
TRANSPORTATION 


3073. A? 
7  3361,06 
1 207759, 3  3 


1830,30 
3  t035  04«  77 


LIFE  CYCLE  COSTS  IN 
F  *  0  ESTIMATE 
INVESTNENT-NON-RECURRING 
INVESTMENT-RECURRING 
TOTAL  INVESTMENT 
OPERATIONS 
LOGISTICS  SUPPORT 

OPERATIONS  a  LOGISTICS  SUPP.  TOTAL 
TOTAL  LIFE  CYCLE  COST 


51400.00 

9P500.00 

084.96 

*0*28.35 


98496.00 

o.co 

0.00 


1233694.21 
60C0O.00 
907223. CC 
793. C5 
2563CC2.CC 


3105384.77 

80337.99 


23864.10 


149900.00 


81513.31 

255297.41 
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costs  are  $60. 2M,  30.4  percent  of  the  total  LCC  of  $197.8,  which  includes 
the  system  LCC. 


The  addition  of  the  three  Harris  LRUs  brought  the  total  LCC  to 
$255. 3M,  0&S  to  $81. 5M,  and  theO&S  proportion  of  the  total  LCC  to  31.9%. 

8.4. 2. 3  SCEP 

The  SCEP  model  was  run  twice;  once  to  predict  the  number  of  man-months 
required  for  each  of  the  two  software  packages  and  again  to  connect  that 
prediction  to  a  dollar  value.  As  shown  in  Table  8-18,  the  model  estimates 
a  42.7  man-month  effort  for  the  signal  processor  software  and  428.7  man- 
months  for  the  INS  (Data)  software.  Using  $7500/MM,  this  translates  to 
$3. 53M  (Table  8-19). 

8. 4. 2. 4  PRICE 

The  PRICE  model  is  run  by  the  customer  from  data  sheets  supplied  by 
TRW.  Tables  8-20  and  8-21  present  the  software  and  hardware  input  sheets, 
respectively,  which  include  TRW  units  only.  The  latter  covers  develop¬ 
ment  costs  only.  Table  8-22  is  composed  of  the  PRICE  software  printouts 
and  Table  8-23  provides  the  PRICE  hardware  development  and  integration 
results. 

Table  8-24  shows  the  Harris  provided  PRICE  hardware  input  data 
sheets  for  the  MFBARS  antenna  system.  The  results  of  this  rough  para¬ 
metric  cost  analysis  of  the  antenna  system  were  not  provided  to  TRW  and 
are,  therefore,  not  included  in  this  report.  According  to  Harris,  the 
analysis  indicates  that  the  system  might  be  built  in  1000  unit  quantities 
for  a  unit  cost  of  approximately  $25,000.  These  analyses  were  based  on 
estimated  costs  of  similar  units  used  in  other  Harris  systems. 

Harris  offers  a  caution  that  since  the  electronics  are  characterized 
at  the  box  level  ard  since  the  RF  hybrid  components  within  the  box  are 
quite  complex  fabrications,  the  PRICE  model  may  underestimate  the  cost 
of  this  portion  of  the  system. 

8.5  CONCLUSIONS 

The  economic  analyses  of  MFBARS  (Phases  I  and  II)  provide  insight 
as  to  the  range  of  life  cycle  costs  that  may  be  encountered  in  various 
stages  of  the  hardware  architecture.  The  cost  models  used  are  economic 


Table  8-18.  TRW  Software  Cost  Estimation  Program 


this  is  exploratory  ano  does  not  represent  an  organizational  commitment 

VERSION  SCEPl.51 
DATE  08/13/79 
TIME  1*»26 
ESTIMATE  REPORT  *♦ 

MFBARS-2 

ESTIMATED  EFFORT  BY  PHASE  IN  MANMONTHS  AT  152  HOURS/HM 
OPTIMUM  CONTRACT  LIFE  -  26  MONTHS 
TOTAL  SYSTEM 

PkE-DES  OET-OES  CoDE-UT  INT-TST  TOTAL  DEMI  DEMI/MM 

*8.0  139.*  118.*  165.1  *70.8  62790  133.* 

BY  SUBSYSTEM 

S/S  IDcNT  PRe-DES  DET-OES  COOE-UT  INT-TST  TOTAL  DEMI  DEMI/MM 

1  SIGNAL  3.0  9.5  1 *• 5  15.8  *2.7  3900  91,3 

2  DATA  *5.0  129.9  103.9  1*9.2  *28.1  5889C  137.6 

BY  UNIT 

SUBSYSTEM  1  SIGNAL 

UNIT  I  DENT  PRE-DES  DET-DES  CODE-UT  INT-TST  TOTAL  OEMI  DEMI/MM 

l  SIGNAL  3.0  9.5  1*.5  15.8  *2.7  390C  91.3 

SUBSYSTEM  2  OATA 

UNIT  IOENT  PRE-DES  OET-OcS  CODE-UT  INT-TST  TOTAL  DEmI  DEMI/MH 

1  OATA  *5.0  129.9  103.9  1*9.2  *28.1  58690  137.6 
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Table  8-19.  TRW  Software  Cost  Estimation  Program 


THIS  IS  EXPLORATORY  ANO  00€S  NOT  REPRESENT  AN  ORGANIZATIONAL 

VERSION  SCEP1.51 
OAtE  08/13/79 
TINE  16t26 
♦*  ESTIMATE  REPORT  ♦♦ 

MF8ARS-2 


estimated  effort  by 

phase  in 

DOLLARS 

AT 

7500. 

7500. 

7500. 

7500,  OOLLARS/MM 

OPTIMUM  com 

RACT  LIFE  •  26  MONTHS 

TOTAL  SySTI  1 

PRE-DES 

DET-OES 

C30E-UT 

INT-TST 

TOTAL 

DEMI 

359652 

L065667 

887985 

1237897 

3530981 

62790 

BY  SUBSYSTEM 

S/S  IDENT 

PRE-DES 

DET-OES 

COOE-UT 

INT-TST 

total 

DEMI 

1  SIGNAL 

22339 

7098  7 

108617 

118601 

320363 

3900 

2  DATA 

337313 

976660 

779568 

1119296 

3210638 

58890 

BY  UNIT 

SUtSYSTEM 

1  SIGNAL 

unit  'Dent 

PRE-OES 

DET-DES 

COOE-UT 

INT-TST 

TOTAL 

DEMI 

1  SK'NAL 

22339 

70987 

108617 

118601 

320363 

3900 

SUBSYSTEM 

2  OATA 

UNIT  I  OF  NT 

PRE-DES 

DET-OES 

COOE-UT 

INT-TST 

TOTAL 

DEMI 

COMMITMENT 


1/DEmI 

56.23 


1/DEMI 

82.15 

56.52 


S/DEMI 
82.  16 


1/DEMI 
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Table  8-20.  CNI  Software  (Signal  Processor) 


FRICC  SOFTWARE  PARAMETRIC  INFORMATION 


'\Ca>)t nr-effb  ; 


1  .  PROGRAM  NAMf 


SOETWAPg  tMPUT  DATA 

j  l.  APPLICATION 


dfA+AI  /+*/!>,  AJS  tSKSrtTt  **J, 

r  t>&+ir>  Fi*-'+T,OKJ 


11.  OE  SCRIPT  ION 


1.  PBOGBAw/USC  iO«»c/i6»i 

s/Caj/h.  p  fiscs  ss/-u? 


•.  RURROIt/MHHON  /  (HolROHMINT 


pjLecSZS.  CajT  T/g  -  S/A  d^-SST 


/4  &/rs/M/a/tb 


STRUC  TIOMJ  aw 


%  TOTAL.  'NJlMuCTiONI  mOUlR'NO  •  •  01  T  *0*0 

/ao*S* 


e  at  sir  wono 


b.  ITRlNC  MANlRL/L  A  TiON 

S'  Vo 

«.  iTITtU  Of(R  A  TIONI 

zo  2 

RL  DATA  ITORACI  /  RCTRKVAL 

2*  % 


».  ON-LINl  (OMMONldriQNI 


AC  TlMC  C  Omm  A  NO'  CONTROL 


£ 


TOTAL  MO.  WO«DS  PEOUIHCO  FOB  ENTIRE  PROGBAm 

3 


PERCENTAGE  OP  TOTAL  MACHINE  I  NSTRUCT»3N$  BY  APPLICATION 


•.  MATMCMATICAL  APPLICATION*  0.(1)  TRACTION  RtOUIRINO  Nt*  OIIHN  *.(  J)  FRACTION  RIOUiRinC  NCR  CPO'NC 

*+0  Y0  ysc  V*  /A*  % 


Table  8-20.  CNI  Software  (Signal  Processor)  (Continued) 


J 2 -4m 

A.  OM'LINC  COWwuMiCATib'i  OCV'CSS  <  T  yf>*/  *•) 

/ 

9.(1)  O  T  V  (Tofl) 

-A- 

■ 

«.  NUL-riyt  COtMtNO  tNO  CONTROL  OlviCIt 

GPaJT/ZP*  <f{  P/tPLAi 

op  ots.pcrf'i 

®TV  (T  •«•(> 

/ 

4.1  It  ctr 

/ 

*.  SCHCOULE  rffM*  r««f  / 

/?<Pz. 

A.  (NO  OATC  or  OtHON  RH  a  sc 

PC.T  ;<??•* 

C.  ITAHT  o*  rc  or  IU»L{U{M  r  A  T  OM 

per  /f  <r  » 

A  (NO  OAT(  Oa  IMRLIMCNTATION 

M/hZ  /9?+ 

#.  ITAHT  0*’C  or  TflT  A  INTIOMATION 

1.  (NO  DATA  OR  TEST  *  iNTtGRATiON 

per  /9?H 

T.  GENERAL  I'M*#  /«  Patftg  thm  <<mt rmcimr,  Atr  fare*.  #lc.J  f£ip«fi*nc«> 

T£*>  -  X+*?c  *~i*+jrAr,0Aj  s*xptset>  &£.  /**££. 

t>,*:£/ei.  LT  rsSj+yJ  AP&A*K}£  A*UT  A/*r  B-XCAAi.iPAt-'j  *o . 
lA*j<*UA4£.  AJ»r  P**S.y4U *»  ******  *otyrHs  A*JT  /Mv£  £ 

_ pepne. _ 

••  AOO-ONS  Pom  INTCMATiNO  CONfMACTOM 

-r- 

b.  o  A  a  e.  rif 

/3.a5"  % 

'  Am  acnctNT*s(  or  AVAILAILC  maromami  tacco  utiluio 

% 

«•  RIRCINT  AQC  or  AVAlkAtkK  UtMORV  CAPACITY  CTILUCO 

?3  % 

»V.  IftM  MIFO  INFORMATION* 


•.  no,  in  hiro  ruNCtiONAL  mooulci  1 

9.  AVt  M»PO  LEVEL  1 

»0,  NO.  MlPO  FUNCTIONAL  MODULES  /  LEVEL  1 

LEVEL  •  ■ 

LEVEL  «  • 

LEVEL  »  • 

LEVEL  •  • 

LEVEL  t  • 

LEVEL • > 

LEVEL  »  • 

NI«H|R  LEVELS  (!>•••(/•  Final  Mrdw»»*) 

*  ISM  PwkIKiiiM  CC  JO-  mi- 
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Table  8-20.  CNI  Software  (Signal  Processor)  (Continued) 


F  liXC  SOFTWARE  FARAMETRIC  IMF  0  R*A  T  lOil 


'  S'*  s'-  off!,  ; 


*.  Moa»*n  mart 

M/=  &A4  S 


Soptwape  input  data 


l.  APPLICATION 


aJA-ui  c  st-r/a+j, 
td&«jtsA/ca  r/c*j 


II.  OcSCRlPT  ION 


).  PROGRAM/USC  <Om*cnH0) 

/JU7£<;AA76  Uf/TM  /jU&LTs/H-  aJ/H/jC  ATs**J 


«.  AUNPOU  /  MlltlOM  /  |>l  v  IKOMWfN  T  A <s  As,  u>/7*  Zajs.  data  ^  //-*/> Alois. 
AJMttAT/OAJ  *y i-r&~r  s&.aAo* s*st*>c&  /*j  J-A+tsu/Jf  £.jjistsum//*a+sr  — 
#j£  astAAT 


/t  ±sT/m*aP  -beoibi~£  Fittest/*  *1, 

5Z  shr/ +s*et>-  i/Dcct  Pe£e/ts**~> 


S3  B<?<l 


TOTAL  no.  *0*»DS  REOUIRCD  TOR  ENTIRE 

program 

to,  +oo 

ML 

NIX 

PERCENTAGE 

or  TOTAL  MACHINE  INSTRUCTIONS  gv  t 

APPLICATION 

•.  MATMCMATICAL  a  °*UC  A  TiONI 

■.(1)  FRACTION  RAQU<R<N<J  NtR  OKt<GN 

•.(})  FRACTION  Nio  N'Nt  N(W  c  POINS 

7  o'/' 

/**  Vo 

/* o  Vo 

ST  N«N  e  M  4MI  V.  A  T  (ON 


«•  (TITfM  OVIMTIOm 


Ml)  fdtCTiox  MQUIRINS  Nt«  D(|I«N  I  b.C)  r  n  AC  T<ON  MCQW'NII 


«.(»)  PNACT'ON  RIQUIRIMC  M«R  OfllfiN  (  C.(3 )  P»*CT'ON  niOU'i 


% 


/*0  % 


d.(  U  rNACTlON  N|QU>MINO  N«R  Od<GN  d.U)  P«*CTlOM  R  C  C  j  ■  N » H  i  N(«  COO>NC 

'00/6  /ft  % 


•  .(I)  FRACTION  N(OU<«'MC  I 


Vo 


Ml)  PMC  VON  *(QJI*ING  N{*  OCI'C 
/*£>  % 


-0- 


ASD  *  “  Ijv. 


|  .  i  *..»c  •  ">  .  **»  Qu<  Rinu  .  »■  , 
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Table  8-20.  CNI  Software  (Signal  Processor)  (Continued) 


A  -4*4  •7£>+*CB  PC  Vlffl  / 

i  +  Kx/L 

».  nN-UNC  r  OWIWUNIC  A  TlO»i  OC  V 

-6- 

Cll  (Typo/No.) 

«.(!)  QtY  (Toiot) 

Z 

b.(l)  OT»  <Toi9it 

9.  COMbtNO  anO  rOMTHOL  OIVKCI  ( Typo/  Mo.) 

s- 

d.  INT(RACTIV(  OlVICtt  (Vypo/No.) 

9.U)  orr  (Tmtml) 

■4- 

d.(l>  CTT  (Toni) 

-A 

|  t.  SCMCOULC  (6999  Y99t  ) 

9.  It  ANT  OATC  O*  OCHSN  NMAK 

0CT 

A.  CNO  OATC  or  OC Si GN  phASC 

*cT  /f/3. 

«.  NT  AWT  OATC  ON  IU*UM(N  T  A  TlON 

/*<f  S 

d.  CNO  OATC  ON  t  MR  LfMCNT  A  TlON 

9,  ST  AWT  OATC  ON  T|1T  S  INT(C«ATlOM 

H/fiL 

1.  CNO  OATC  ON  T  C  1  T  A  INTICR4TICN 

/•r  j *? f 

y.  GENERAL  flNNo  19  doing  thm  work:  contractor.  Alt  Fore m.  oic.i  (CspononcaJ 

7~£  ix  -  tS  *  PS'tLi  £>  i.o*J*/£  C. 

0.  ADD-ONS  NOW  INU6NATINO  CONTRACTOR 

b.  e  %  a 

e.  rti 

4.  NCNCCNTACC  ON  A  V  All  A  Sl  C  MAWOWAWC  IRCtO  CTlk'ZCO 

0*2 

•  •  riWCINTACC  ON  RVAILAILE  UIMQRV  CAPACITY  L'TILUIO 

|  IV*  ISM  HIP0  INFORMATION* 

1.  NO.  IIM  HINO  FUNCTIONAL  MOOULCS  1 

*.  A  VC  Mlf»0  LEVEL.  ' 

LIVlL « • 

LCVCL  •  » 

LIVlL  •  ■ 

MICMCR  LtvCLI  (Lo*ol/o  Fxmtt  ttmXvtoo) 

•••  ISM  r<t4lUaiiM  CC  10-11)1-1 
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Table  8-21.  PRICE  Hardware  Data  Sheets 


PARAMETRIC  INFORMATION 

IMPORTANT.  RCAO  INSTRUCTIONS  CARt FULLY 

TITLE 

RHONE 

PA1| 

k.  SYSTEM  kamc  A  CONTRACTOR 

tsfPfcAi.  L"  T£*j 

pto*. 

+~p  -CL 

JRC* 

WANUFSCTuRPO 
RUnCHASEO  ITEM: 

”1  OFF  TmC  SIICVF 
"l  CUSTOM  MAOI 

GFE 

CURRENT  UN<T  COST  S 

.  —  .  -  - “I - 

«».  PHYSICAL  OtSCN.NTlON 


•/i  ATft  loam;  Pa  aAr*-t>\  Pue.  /H*pctP/A4t  Pk>*. 

*jjPPL'i,  C+*t.tAJ4  F-j+*J,  At /.A  AtOfMAA-ApA*  O 


•  - 
•  - 


44.  FUNCTIONAL  DESCRIPTION 

r/t£-£  Ap^Aca^ / £>/c/rA<.  ^/Pa/ac&j  /wpc/tAra?  up  -eowa-ar  ra 

p,AxM>/  P/LficSSS,  Ar-iPt-Jp-l  A%Jj>  7jOAxJ£rt'r  r»  /hurPUAJ/t . 


So.  MILITARY  SPECIFICATION 

9b.  NUCLEAR  HARDENED 

»«.  WORK  enFAKDOWN 

A.  • 

REQUIRCO 

.  / 

STRUCTURE 

TOTAL  NO.  OF  UNIT*  / 0  /  O 

PC  TEE 

□  .»• 

o »« 

Qtf  no 

_ 

NO.  OR  UNIT/SYS  / 

7  m.  OTHER  UNITS  INTERFACING  WITH 
Till!  UNIT  t>/A%,  ajc.  Put  a.t 

T£-d- **•*>* **-,  A**TPaJa/A 


7b..  ELECTRICAL  INTERFACES 
□  ROWER  furnished 


AOJUSTMCMT  OR  Y  UNIN  O 


7c.  MECHANICAL  INTERFACES 

I  \  ONE  SURFACE  MATING 
^MOHC  THAN  ONE  SURFACE 

r~l  SHIMMING.  MACMIN.NC 


S.  TOTAL  UNIT  WEIGHT  IlBSI 

?(, 


t.  MECHANICAL  *  STRUCTURAL  WEIGHT 
(LESI 


10.  VOLUME  AND  OIMENSiONS  * 

voiuui  72  7.  »r 

OIMENSIONS 


Its.  ELECTRONIC  RACKING  OCnSITY 

TYR.CAL  f~!  »-Q»  C  M,CW 


12.  NO.  OE  OlSCRET C  ELECTRONIC  RARTS 

*'  g  Ram/rrOm  ___ 


»1.  AVERAGE  OlSSlRETED  RwR  F  ROM 

Electronics  (waits. 


ns.  rcrcent  electronic  volume 

FP 


9’  iiSRtlSfL 


2>>  c 


t««.  NO.  OF  CAROS  ANO  SHE 


Ur.  NO.  OF  iCS.’CATAlOG  OR  CUSTOM  MADE* 


y  -  /  7MK  K  V.  T  «li  x 

7.tr  L 

SMALL  SCALE 

MEDIUM  SCALE 

L  ANSI  ICAkf 

1*.  OICITAL/ANALOC 

1C.  TVRF  OF  OISRLAT  OR 

17.  MATERIAL  USED  IN 

is.  mlthoo  or  coolinc 

HCAOOUV 

STRUCTURE 

AyoAC&c, 

*J/a 

A<-UM/AHjAl 

PA-aj 

it*.  Discrete  electronic  mooules  nwi  ,crt.r.s..ltc.»ano 

WEIGHT  A  VOLUME  OF  EACH  - 

+*P'.  i.r  CA S,  ZVO'IO 

%jpm:  /*  Z+l 

lUIVt-  ST.  VwL,  -  L^-l< 

PuO.  A~*P 


ltl«.  OISCRCI  *■  ml  cm  aniCAL  MOOUL4  S  GV  TOS  MC  TORS.  f  A*>. 
■ATTCRlCS.  ANTENNAS.  ETC. I  ANO  WT  S  VOL  OF  F  ACM 


JLJL 


H  P  en  * 


XS1P 


0D  'or",  WGV 

SCR  if 
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Table  8-21.  PRICE  Hardware  Data  Sheets  (Continued) 


I  21A.  COMPLEXITY  Of  ENGINEERING  CPrORT  remarks 

iMOOtru  u*a  ADVANCE 

C  A  TlOM  IN  ART 


IIUALI 

a 

a 

— 

nou  Tim  I 

□ 

a 

a 

OlfflCUbT 

a 

a 

H 

COM*I.C* 

a 

□ 

n 

21  to.  LEVEL  OP  NEW  MECHANICAL  DESIGN 

SCI  INSTRUCTION! 

So 

NEW  OmtM _ A  t A M C  AS  EXISTINO  OKHCN^.% 

21  c.  LEVEL  OP  NEW  ELECTRONIC  DESIGN 

SEC  INSTRUCTION! 

/sc 

N|«  QCSIQM.  ■■»  IAM|  AS  CXISTtMO  OC!ICN_t 

22a.  MO,  or  PHOT  or  V  RES »**rA6N> 

-y- 

22to.  NO.  OP  ROTAE  UNITS  (D*hwbl») 

/ 0 

22c.  NO.  OP  PrtOOUCTiON'uNITS  * 

/acc 

2J.  LEARNING  CURVE  SLOPE  fMmtm  uni*  m  turn  mwff) 

te 

24.  LIST  OCA  A  APPROVED  RATES 

A.  MATERIAL  MANQLINO  * 

76  ^ 

t.  ACM  14  AL  AND  AOMlNltrnATlVC  * 

rz.eS"  % 

C.  PNOPIT  • 

t.t  % 

SCHEDULE 

OATE 

U.  month  »»o  re*,  or  start  or  ehgineerino  epport 

COT  UfL. 

M.  MONTH  ANO  YEAH  Or  COMPLETION  Of  lit  PHOTOTYPE  (Na—4»Ur**bl») 

COT  /9TV^ 

a.  MONTH  ANO  YtAH  OP  COMPLETION  OP  LAST  PHOTOTYPE  fi*«p«|inrakU4 

— 

IS.  MONTH  ANO  YEAR  OP  COMPLETION  OP  1ST  ROTSE  UNIT  OHinMUl 

2f.  MONTH  ANO  YEAR  OP  COMPLETION  OP  LAST  ROTSE  UNIT  fDmltwtmblm) 

got  tq?r 

10.  MONTH  AND  YEAR  OP  START  OP  PRODUCTION 

GoT  i9f6 

SI.  MONTH  ANO  TEAN  OP  COMPLETION  OP  LAST  PNODUCTION  UNIT 

MAIL.  /?ff 

12. 


xr*+t  z  >/  *o  cvtTc** £***.*} »r** *j  . 


f  CoS* 
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Table  8-21.  PRICE  Hardware  Data  Sheets  (Continued) 


PARAMETRIC  INFORMATION 

important*  mao  instructions  CARCFULLT 


*  IYSTCM  KAMC  ft  CONTMACTUn  *•.  UNIT  HRMl  A  SOURCE  I 

„  VHf/ortP  (Bj  MANurACtuneo  |  current  unit  com  $ 

MFb**  S  -  T&UJ  Pur.CMAsco.Ttu 

f  *  rfr f~]  orr  tmc  mcu 

n  &ce“ . . 


•*.  PHYSICAL  DESCRIPTION 

GiittL'i,  Cfi* PA*J  t  &0A1*- P 


AN.  FUNCTIONAL  OCSCNINTlOH 

r/*x£  /hj/h-ck/  pic/r/tc  s-iCajaH'  +f0t>oi-A7£  S  i/P-  ej>*is£itr  Ta 
V/tf/uJtP  F>  A*c£.*£,  A-f-iPLiP  y  /hjp  rjgA*>s/A/r  rt>  /hutCsuaja 


SB.  nuclear  hardened 

Sc.  WORK  BRF  AKOOWN 

STRUCTURE 

CD  ’«• 

pa  “® 

Tv  OTHER  UNITS  INTERFACING  »ITN 
THIS  UNIT  pJAij  AiC.  pMjAf 

/hJr£/UA>PJ  T&t*4>*JAL 


•a  TOTAL  UNIT  WEIGHT  (LBS) 


|l«.  ELECTRONIC  PACKING  DENSITY  . 

K!  ttn.cal  fT!  '■o*  C!  -"«H 


mb.  percent  electronic  volume 
S7> 


t««.  no.  or  CAROS  AND  SIZE 

7  -  A  *7VX  *  ^  r  u/  Jt  7. 1  f  t. 


71*.,  electrical  interfaces 

□  PONCN  furnished 


C|s»0«EN  •  |i«nm. 

Pi  *OJUMM|HT  OR  TUNING 


TOTAL  NO.  OF  UNITS  JA/C 
NO.  or  UNIT/STS  / 


7c.  MECHANICAL  INTERFACES  * 

CJ  ON*  SURFACE  mating 

MORC  THAN  ON*  FURFACK 
I  1  SHIMMING.  MACHINING 


t.  MECHANICAL  A  STRUCTURAL  WEIGHT  *  10.  VOLUME  AND  DIMENSIONS 

(LBS)  I 

^  I.O.UN.  7 ii:*sr__ 


IS.  AVERAGE  OISSlRATED  PWR  FROM 
ELECTRONICS  (WATTS. 


-  VLSI 


I  As.  NO.  or  ICS/CATAlOG  OR  CUSTOM  MAOE * 

MKOIUM  SCALE 


IK  DIGITAL/ANALOG 

A+JA4-0  q 


16.  TYRE  or  DISPLAY  CR 
NEAOOU i 


a*/a 


io*.  Discrete  electronic  modules  itwi.c 
weight  a  volume  or  EACH  l 

fa*,  /h+r  £<-**,  **> 

9*>H  su/fty :  /0  c* S,  Zfl.H  aa> 3 

luiVL  at,  VOL.  -  tk.li 

m/a 


17.  MATERIAL  USE  0  IN 
STRUCTURE 


ALdMfAJAj^l 


14.  METHOD  OF  COOLING 


10*.  DISCRETE  r  UCCTRONIC  MOOULES  IT  W1  .CRT.P.S..ETC.1  ANO  Hi..  01  SCR*  IF  ML  Cm  ANlCAL  MODULES  1  GY  roS.MCTORS,  F  ANS. 
WEIGHT  A  VOLUME  OF  EACH  j,  BATTERIES.  ANTENNAS.  ETC.)  ANO  WT  A  VOL  OF  fACH 

p*a  /h*e  my  cvt-A  /a 

_  , .  y  rA*J 
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Table  8-21.  PRICE  Hardware  Data  Sheets  (Continued) 


\  jia.  Complexity  or  engineering  r.rront 

MOOl^l.  **>Y 


HL  LEVEL  OF  NEW  MCCNAMICAL  OCSIGN 

gg  SEE  INSTRUCTION!  ^  Q 

He.  LEVEL  OF  NC*  ELECTRONIC  DESIGN 

.  .  SEC  INSTRUCTION! 

/0O 

»*.  NO.  OF  PhOI  orYPes^N«A>tf»liv«ra*f*<| 

NO.  OF  ROT  A  E 

UNITS 

lie.  NO.  OF  HHOOUCTiON  UNITS  * 

/  900 

2J.  LEARNING  CURVE  SLOPE  (fit*  tmtti  «r 

,  f' 

I  1 

moutimI  f~l 

difficult  r~l 
CO«»LCI  CD 


a 

a 

a 

n 


* 


C3 


LIST  OCA  A  APPROVED  OAT  tS 


M.rtRUL  NAUDUNa 

7.C  *% 


I.  CCNCRiL  AND  4  OMl  Nl  5  T  H  A  T  I  V  C 

*/ 


♦  6  X  % 


c.  PworiT 


SCHEDULE 


11.  MONTH  ANO  TEAR  Of  START  OF  ENGINEERING  EFFORT 


M.  MONTH  ANO  YEAR  OF  COMPLETION  OF  1*T  PROTOTYPE  C1Y«IHR«K»ffa./aJ 


Oct-  /9 


tt.  MONTH  ANO  YEAR  OF  COMPLETION  OF  LAST  PROTOTYPE  I7Y«VF»!  *nnbU) 


IS.  MONTH  ANO  YEAR  OF  COMPLETION  OF  1ST  NOT.C  UNIT  (D't'rtMU) 


ma<.  /  9  ?r 


IS.  MONTH  ANO  YEAR  OF  COMPLETION  OF  LAST  ROT.E  UNIT  (DlKrttlm) 


O  c~T 


/  9ff 


JO.  MONTH  ANO  YEAR  OF  START  OF  PROOUCTlON 


0C.F 


>9?L 


H.  MONTH  ANO  YEAR  OF  COMPLETION  OF  LAST  PRODUCTION  UNIT 


/  f  7  P 


»  REMARKS 


#-ue  y<t  21/ la  9=0 /c. 


f  toS* 


Table  8-21.  PRICE  Hardware  Data  Sheets  (Continued) 


PARAMETRIC  INFORMATION 

IMPORTANT!  READ  INSTRUCTIONS  CAREFULLY 


X.  SYSTEM  SAMC  A  CONTRACTOR 


a  ox  si  MANUFACTUAfO 
C  -  TtLbu  _  purchased  item; 

A» »  Qom  tmi  nickF 

CUSTOM  MADI 

n  rrt 


«A.  PNVSlCAL  DESCRIPTION 


/-  AT  A.  CfiAJS  CtAjr/hvtoq  PA  C*At>  &,  PpajAA  £  U  P  pty ,  CP  0C/aj£ 
f/Hi \  Ait  A  Ae  /+*.£> 


<tu  FUNCTIONAL  DESCRIPTION 


££c£*u£  £.*CAJAt.s.  1  p*oT£*JU/t}  T>»*jaj  -  APaJpAA^  /+r~rP*-*P y _ 

X>Ar£e.r)  C>JC/r/*£.y  p&c£.±S  A-rOt>  rAP*J£*i'T  TO  fr/A-l. 


w.  MILITANT  SPECIFICATION  I  Sb.  NUCLE AN  H AROENEO 
REQuiREO  I 


Sc.  WORK  BRFAKDOWN 
STRUCTURE 


tfA  Til 

CD  no 


CD  ▼«» 

NO 


T«.  OTHER  UNITS  INTCRFACINO  WITH 
THIS  UNIT  £>>/9S,  /f/c.  Phj£, 

P-k>TAaU/P 


B.  TOTAL  UNIT  WEIGHT  IL8SI 


ELECTRONIC  PACKING  OENSITV 
TTPlCAL  (71  LOW  (75  MI«N 


Ilk.  PERCENT  ELECTRONIC  VOLUME 

s~o 


It,..  ELECTRICAL  INTERFACES 

□  RONER  FURNISMKO 
'°”r-  * 

1  1  ADJUSTMENT  OH  TUNINO 


f.  MECHANICAL  *  STRUCTURAL  WEIGHT 
I  LBS  I 


TOTAL  NO.  OF  UNITS  /P/P 
NO.  OF  UNIT/STS  / 


Tc.  NCCNAMICAL  INTERFACES  ’ 

□  ONE  SURFACE  M.T.NS 

moac  than  one  surface 

l  ]  IHIMMIM5,  MACHIXINC 


is.  average  dissipated  pur  from 

ELECTRONICS  fHATra 


»«•*  NO.  OF  CAROS  ANO  SIZE 
2l-  /'7MK.X  V.  V  V*  f 

/<  *  %  ntx  M  A.  r  M  a 

Zlf'L 

7if<- 

14b.  NO.  OF  ICS.'CATALOG  OR  CUSTOM  MADE* 

•MALL  ICALI 

MCOHA4 SCALE 

IB*  DIGITAL/ AN  A  LOG 

a+jau><;  / 

1C.  TVPf  OF  DISPLAY  OR 
READOUT 

17.  MATERIAL  USED  IN 
STRUCTURE 

is.  metnoo  or  cooling 

PCdatta/Uri 

tt*.  DISCRETE  ELECTRONIC  MOOULCS  IT  W1  .CRT.P.f  ..E‘TC.)  ANO  1*1..  01  SC  A  El  E  MLChANiCAL  MOOULES  'GYPOS. MOTORS. FANS, 
WEIGHT  A  VOLUME  OF  EACH  BATTERIES.  ANTENNAS,  ETC.!  ANO  WT  *  VOL  OF  FACH 

f>»A  £*pPL1 ;  izi. A  S,  3  77  /<o  *  P 


(UIVL  AT,  VOL.  -  U.li 


P.4~>J 

.  «*•  I  »•*..  Lull  •  *1.."  .«  *  v 


Table  8-21.  PRICE  Hardware  Data  Sheets  (Continued) 


HA.  COMPLC  X  IT  ▼  OF 

Engine  (Ring 

WOO*  Pl« 

C  A  r  >  on 

IN  ART 

SIMPLE 

□ 

a 

— 

. 

■  OU  TIME 

a 

□ 

□ 

OIFFICULT 

a 

□ 

a 

COMPLEX 

a 

a 

0 

life  LIVC L  OP  NCR  MECHANICAL  DESIGN 
SEE  INSTRUCTION  I 

fO  ZO 

N«W  Oman  *  I  AM  (  AS  imriHO  nri.ey  % 


21c.  LEVEL  OP  NEW  ELECTRONIC  DESIGN 

SCC  INSTRUCTION! 


NEW  QCSICM—  . *  SAME  AS  EX  IS  T  IN#  OI1IINM 


12#  no.  or  RMOt or r»cs J  22#.  no.  or  rotae  units  (OmitwM9)  I  ii«.  no.  of  phoouctiOm  vnits 


IS.  LEARNING  CURVE  SLOPE 

fr 

(N*m  will  m  «u« 

IS. 

LIST  DC  A  A  APPROVED  RATES 

I.  «EN(HAL  ANO  AOMINlft  RATIVt 


SCHEDULE 


IS.  MONTH  ANO  YEAR  OP  START  OP  ENGINEERING  EFFORT 


M.  MONTH  ANO  YEAR  OF  COMPLETION  OP  «ST  PROTOTYPE  CNoN«rf*/l»*reAI*J 


*7.  MONTH  ANO  YEAR  OF  COMPLETION  OF  LAJT  PROTOTYPE  riVen-«cl<rer»6l*) 


2S.  MONTH  ANO  YEAR  OF  COMPLETION  OF  UT  ROTAE  UNIT  {Delivers*!*) 


IS.  MONTH  AMO  YEAR  OF  COMPLETION  OF  LAST  ROTEE  UNIT  tDmlirfbl*) 


SO.  MONTH  AND  YEAR  OF  START  OF  PROOUCTlOM 


?.z  % 


ocr  i9P+- 


M/t*  /ffy 


acr  '  9*  r 


tfer  /in 


rt/ht  t<ft? 


J1.  MONTH  ANO  YEAR  OF  COMPLETION  OF  LAST  PRO0UCT1QN  UNIT 


SI.  REMARKS 

tptjg.  Tr*~i  27/  7 *+**-*■ 


f  log* 


Table  8-22.  PRICE  Software  Costs 


- PRICE  ■  SOFT NAPE  MODEL - 

date  24-aog-s-?  tire  ngtia 


ME  EAR  ' 1  •  CORPANT 

F 

Cl  ANAL  PRO 

ce  : :  ir?.:- 

IfiPrjT  BATA 

-  ilenare:  frfsf 

DATED!  20 

aca 

descriptors 

instruction: 

??nn 

AFPLICATIDr 

0.  non 

RE  SDORCF ' 

£.701’ 

function: 

n 

STRUCTURE 

0^000  ■ ■ 

LEVEL 

n .  n  r.  ? 

IPiTEGRAT  IDPj 

n.f.r.r 

application  categories 

ME F>  DEVELOPMENT 

■ '  :t  stem  cgnfig 

URATICf 

mi:. 

BE : IGN 

CODE 

■  TYPE” '  OOhNT  ITT 

BAIR  :  R 

n_£n 

1.00 

1.00 

1 

1 

online  ccpir 

Ci.  oo 

1.00 

1.00 

.  0 

'  ‘  0 

REAL! IRE  CiC 

n^i  n 

1.00 

1.00 

0 

0 

INTERACTIVE 

n  „  05 

1.00 

1.00 

o 

0 

RATHERAT  ICAL 

'  0„4  0 

1.00  • ' 

1.00 

♦♦♦  ■ 

'  ♦♦♦ 

IT RINA  MAN IF 

'  0..0- 

1.00 

1.00  ' 

♦♦♦  - 

♦  ♦♦ 

OPR  SISTERS 

n^n  •  • 

•  l„on  . 

1.00  •  ■  • 

♦♦♦ . 

♦  ♦♦ 

SCHEDULE 

CONFLE'.ITT  ' 

1  *100 

DESIGN  'TART 

OCT  82 

IPlFL  7TAF.T 

n  * 

Til  TTART 

■  0 

DESIGN  END 

0 

I MPL  END 

0 

Til  END 

■  n 

SUPPLEMENTAL  INFORM  AT  I  Oft 

TEAR . 

1982 

ESCALAT ION 

1.000 

TECH  IMF 

1  *00 

moltiflier 

1  *290 

FLATFORP: 

1.8 

UTILIZATION 

n  *  f = 

PROGRAM  CO 

STS 

COST  ELEMENTS 

DESIGN  ' 

IMFL 

Til' 

TO*  At 

sister:  engineering  ■ 

W  L  . 

fjf.  _ 

148. 

PROGRAMMING 

12. 

' 

C.t  » 

J*S. 

CONE  IGORftT  ICr- 

CONTROL 

12. 

4* 

c  r 

*j  *-  . 

BOCUPlENTATION 

11  . 

1. 

18* 

-n  ~ 

C . 

PROGRAM  MANAGEMENT 

«.  » 

1. 

-  ^ 

15. 

TOTAL 

121. 

:c 

150* 

£•97 . 

ABBUIONAL 

DATA 

descriptors 

instructions 

3900  ’ 

AFF1 I CAT ICr 

4*887  '  ' 

RESOURCE 

'  2.:nr 

function: 

4?  '  ' 

STRUCTOF  E 

O.nnn 

LEVEL 

n  ^  n  n  r 

schedule 

COP'.RLE/.ITT" 

1*100 

be: IGN  START 

OCT  82 

IPlFL  START 

DEC  82 

Til  START 

.■Hr,  - 

be: IGN  ENB 

FEF  8?  ' 

'  IMFL  ENB 

APR  .?? 

Til  END 

SCHEDULE  GRAFH 

OCT  82 

aug  :: 

♦♦♦♦♦♦♦*+♦♦♦  •  rig  7 

IGN  ************* 

♦♦♦♦♦♦♦*♦♦♦♦♦  LFiFLEPlENT 


*****************  XETT  i  INT EGFATE 


-328' 


Table  8-22 


PRICE  Software  Costs  (Continued) 


- PRICE  TOP  1  r,.bF E  MODEL - 

DATE  TIME  0'?:  18 


BFFARC5!  COf’FHfj'i  F 

IHP07  DATA 

FlLEflflME!  EfiF'F  ' 


DECOR IF TORC 

mcTPocTiort: 

fir  FLIChI  I  Lif H 

n.  nn 

prjfjCTion: 

0 

: 7 ROOT ORE 

n^nn 

AFFLICflT TOO  CATEGDRIE? 

HEN  DEVELOPMENT 

BIT 

PE C  TGO 

CODE 

I'RTrt  C"  £ 

n.i  n 

1.00 

1.00 

OHL I HE  COMB 

0.  GD 

l.nn 

L.  00 

REALT  rr-JE  CiC 

0  .  OH 

l.  nr. 

1.00 

INTERACT IVE 

O.on 

i.  on 

l.  no 

BATHE BAT ICAL 

0.70 

l.nn  • 

i.no 

STRING  BAH IF 

n  „  o  n 

1.00 

i.no 

OPR  CTCTEBC 

o.l*. 

1.00 

1.00 

CCHE DOLE 

COrjPLEMTV 

r- ino 

DEC I GO  CTART ‘ 

OCT  83 

IBFL  CTART 

n 

DEC ten  EOT 

■  •  •  n 

iriPL  EOF 

n 

CDMPArjP  BAV  ITEM  IF  KATIE* 


DATED!  ED  AOG  C: 


R  erOOECE  E.r.r.r 

LEVEL  0.0  0* 

EfiTEGRAT  100  O.GOr 

conFiGDRATiDf 
QLiAHT  I  IT 

G 
0 

. o 

. ♦** 

♦♦♦ 


TU  •  HART  '  0 

’  'Till  EHP  0 


TTriEfl 

ttfe: 

'  '  L 

n 

n 

G 

***' 

■  *♦* 

'  ' 


TiFFLEBEBTAL  IBFDRMAT  JCH 
TEAR  't?85 

BOLT  IFLIER  1.E5D 


E  :  C  AT  ATI  nr.  l.OCin 

PLATE  OF-f:  1.3 


TECH  HOP  V. or 

rjT  ILIZAT IDH  0.85 


program  cd:t: 


COCT ‘ ELEMENT C 

CT  CTEPlC  ENGINEERING 
PROGRAMMING 

CODE  TGUEAT IDH  CONTROL 
POCOBENTAT ION  ' 

PROGRAB  MANAGEMENT 

TOTAL 

DECIGH 

85  C. 

114. 

14?. 

134. 

•?■=> 

11  3c* 

'  IBPL 

137:1 
'  ■  46- . 

18. 

15. 

541. 

T  t  I 

C,  £*  7 

J7C 

4  CO. 

208. 

■34  . 

1550.' 

TOTAL 

158c. 

4  CO. 

'  513. 

■pee 
-j  » 

138  . 
53c?. 

ADD  IT  LOHAC 

DATA 

DECCRIFTORC 

in: T root  ion: 
rnnction? 

08880  ' 

654 

AFPLICAT IOH 
Cl ROC 7 DEE 

c.  ncc 

rt.nnn 

' RE  COORCE 
LEVEL 

5 . 7  n  n 
0.000 

CCHE POLE 
COBPLE'.ITT ' 
DECIGN  CTART 
DECIGH  END 

'  l.l no 

OCT  85 
■  AOG  83 

■  IBFL  CTART 

iriPL  Enr 

REF  83 

Jirth  84 

Til  Cl  ART 
Til  EBP 

CUN  5? 
OCT  54 

ccheddif  AFAFH 

3CT  32 

♦  DEC  160 

. *♦♦♦♦♦♦♦♦♦♦•♦  IBPLEBEM  ♦♦♦♦*♦♦*♦***♦ 

♦♦♦♦♦♦♦*♦♦♦♦*♦♦♦♦  TECT  i 


OCT  54 


INTEGRATE  ♦•♦♦♦**♦♦*♦*•♦**■*♦ 


Table  8-22.  PRICE  Software  Costs  (Continued) 


- PRICE  rOFTr.iHPE  r-iCiPEL - 

■  :'.:iepi  iMESpeTior, 
p*te  ^-err— r?  tire  o?;  is- 


MF  FAR  :  • :  ~GriP*=ir-',  F 


iriTEC-F.iETIOM  fif.p  IE 


IfiPOT  PPTfl 


rtEoeME:  fre:f 

EflTEp:  EO 

flC.r-  : 

CrEPOOE 

COMFtLEMT'. 

\  „  n  n  0 

rE  :i?o  :t*rt 

OCT  SE 

ipipl  :thpt 

n 

tot  start 

■  n 

PEric-r-  emt 

n 

IMPL  EOF 

•  p 

TCI  EOT 

OCT  0. 

t'EPLEfiEMfit  IMFGF.MhT  ICO 

'  EmE 

1 3EE 

e:chl*t ion 

1.000 

TECH  IMP 

1. 01 

MOCTIFLIEF. 

1.S30 

PLATFORM 

l.S 

OTILILflT IDO 

PPOSPPPi  CO 

:t: 

:t  elememt: 

PETir.n 

IMPL 

TCI 

TOT  t 

:\:TEn‘  Er*srr-EEF:ir*s 

10c. 

4. 

SI. 

1 5C  . 

feCi-f^mm  tmi.- 

CCMRCC. 

ilC.  • 

s:. 

36. 

c  c  . 

i **)i  il(' 

15. 

K-  - 

l_  7 , 

POCDMEM-iTicM 

15. 

il  • 

40. 

FFOnFFr*)  T')&Ijl~'7C 

MEf.T 

IE. 

n 

LC  * 

10. 

Z1  ' 

tCTflt 

is-:. 

37.  * 

E10. 

41  ;  . 

*PPITIGM«L 

PfiTF! 

■~hc  rocs 

'XMFC.EMTT 

l .  0  n  n 

rtric-ri  .'Ihf.t 

OCT  OS 

IMF L  :t*rt 

n 

tci  start 

n 

PE  :  l'-r-  s  rii= 

n 

ir-ipo  Efii 

n 

TCI  EOP 

OCT  S- 

rr.iriOhET 

OF  TOFTOmRE  Db  5 

ELCFMEM  TOT  fit: 

PROSRhM  CD 

:t: 

C'T  EOEMEfiT  r 

PEricr- 

IMFt 

T  C  I 

TGT  Fr 

7T  ~TEp1 7  FroMhEEPIftC-.  ■ 

ii  • 

- 

'  Z  27.  «. 

16  OT. 

PF.DiT-Fii'-.r..  IT'S 

1  as. 

ire.. 

?0E. 

^  3. 7  . 

p:omf  iS'.  Fri  ron 

COOT  POL 

irn. 

V,.. 

51T  . 

04  ;  . 

rocr.-f-er 1  p-t  t^cr- 

15?. 

cOt 

■  ;:fc 

4c  :  . 

proof*'  MXjesEMEriT 

1  n.-: . 

IS. 

in. 

c  :  7  . 

TCT-!iE 

14E0. 

303.. 

1311  . 

3*7  ?  -  . 
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Table  8-23.  PRICE  Hardware  Acquisition  Costs 


D'«'L-FHM1>  KU'-'tK  mMK 


rnpriT  PEUP 

PRICE  i-  JE 

:■?  in 

:  n* 

OT’.  n.  FFOIC" 

4 «.  0  mi  i 

F.rrn  VOL  n.4ECi 

MODE 

1  . 

or.”:  t.  imefe 

0 •*.r.r.  inTE'I-: 

0.*.rr-  FDOE T T1  VEr.rr.-. 

FjPirtTF 

nr.-. 

ftECh  rTEUCT 

fa :  f.*r  nr  nrp l:.: 

prod: 

n^rr.r  r«Er. .  n  n.*nr 

ie:ff: 

£.  nr.r 

ELECTPOrnc: 

OTEVOL  n.i.?r  rjrpc' E 

FEOTE 

r^rr.r  fj£f.*EL  r.r.r.r, 

pe  :ffe 

c.  nnr. 

rr,*F-  ?nr,fcrr  r.  cMPr-T ; 

0.  CflEir 

r^rrr  Fii»FF*i;  :  „ ;  n  r. 

i.MFEFF 

0  ..  0  r-  r 

Erj.-ir^EEF.irjin 

Efif-nh:  k  j  EnMHF 

n^r.  Ef«MTPT 

c.n  ECPiEEr.  UERI 

F  RTiF 

FCOFFt 

TErtR  1 :  c  •  ETC  1 

rinfcnr.\ 

Kr-r.r  DmT*  l  ^  n »*. r: 

TEC’T  :x 

1.  onn 

PC.TF.ft  !  „  •  nr.  :*i:iEft 

l_cr.r  fffgj 

urnn  fpfith  l.nr.r. 

ftlft: 

l.cm 

FRDPRflft  CG7T 
Erj^iriEEFifti? 

DEVELOFMEMT 

PRODUCT  ter. 

TuTmL 

co:t 

DRF«F  T  Iffi? 

*77  «. 

n.. 

£  . 

DE:r»:-n 

?r  ?  .. 

c««. 

£E  :■ . 

:\:tew: 

14£. 

r<_ 

14£. 

PRO  i  Mt?MT 

1.4” 

n. 

14P. 

PRTfi 

e  i 

nfc 

JC  B 

rOETDTfiL  •  ETi*>* 

mi. 

1441  . 

pi*?rirjE6i:Tf..p  ir-.r- 

PRODUCT  IOr: 

n„ 

c«* 

prototype 

?r  ? . 

n.. 

?7V?^ 

togl-te:t 

4C  . 

4E. 

TOFTOTSL  Mp'>* 

■»£*  . 

nfc 

TOThC  CD “ 7 

IEEE. 

n. 

lPE-e. 

*vco:t  n 

.Or. 

totml  i3v  FRor  cd:t 

n  ^  n  o 

r.» t  if.nnr  r  rj_ 

n.4.:r  tCfiT 

r^r.nr  PEr«TT 

n  DETFF 

:  r^n-aa 

l CURVE  n^nnn 

tCHE 

rivnnn  he r.iEC  n„*n 

r  TErFFE  n„a?2 

PIE  CH  -TFOCT 

r,i :  ?,„pnn  r.< : r f 

cLECTRQMC: 

ftEcrr 

n.nnn  ff.di  :  4^1®.^ 

neper.: 

H 

r.'E  £l^nnn  r.«ECF 

Sl.n^n  rriFir 

n„nnn  prdde  4 •..??? 

MC  PL  7. E 

pfiiR  £Onkoon  cftPftT: 

t*lT* 

pr.iRFfiC  n*rnr. 

CMhEFF 

r.4?n 

OCHE  POLE  - 

Enmn:  in.nr.n  Erif-nhF 

ll.lil-  triMThl 

cl.:??  ECriFE'.  l.cOO 

FEME 

n.c' r 

COCT  FflUFE  : 

t'EVELOFMEM 

FROPOC  T  IOfi 

TOT  hL 

cd:t 

FROM 

1F*£. 

n. 

CENTER 

IFF  E.. 

0. 

1SFF. 

TO 

El  7;?. 

n. 

ci 
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Table  8-23.  PRICE  Hardware  Acquisition  Costs  (Continued) 


02!  Cfil 

*  IfiPOT 

tern  mac 

PhTR 

I.  PROTC: 

4.  r. 

01 

ppi 

4*. _r  nr 

CE  :  :■  F  c 

'.DC 

n .. r  n 

7  ?  if 

r-*c:E 

. :  r *4 

V . 

7*t  I 

1  . 

INTEC-E 

n.*r ' 

ir*TE«>: 

r  _  «  n  r. 

rKLir  ic 

?.  rr.% 

r ;r  r  r.TF 

IE  f. 

rr \ 

ntCh  TTPrjCT 
r,» :  1  o  .  n  o  n 

NCPCM 

pRDr : 

n .  r<  r r- 

Tic  r.  ‘  T 

C  .C  r  r‘ 

L-E  :pf  - 

£  t 

nr.r 

ELECTF.C 

r-rF'.'DL 

mc: 
r .  ? :  n 

NCFL'E 

?.  1  r.r 

PROFE 

n  .  r.  r- r 

r-Ef-EC 

-  r  ■ 

TE ’fpc 

- 

r  -  r 

F  MR  1 

T*r . -nr 

>: r-:pr,7 : 

r>„ 

•:npir 

r* .  r  r  r 

Fii*«»E  h.; 

1  •  r  r  r. 

CrsFEFF 

r  „ 

rr r 

EO^iOEEF  r  rt:' 
ETiRTR:  in.r 

EriMhP 

n.  o 

F.rifjiPi 

p.  r 

ec  fife:. 

l  .. :  t:  r 

F'ETiF 

f. 

ic.  r 

'3LOFPC 

",  Eh= 

1  ?  •"  c  . 

e:*: 

ir  n.  r  r  *. 

l.rr.r 

l.n'T. 

X  E- '3*1  7  X 

i. . 

r  r  - 

FCTEF) 

1  „.=  cr. 

:i:tep- 

1 .  r  n  r 

ppp-r  • 

1  .  p  n  r« 

P  pHl  H 

1.00  0 

PIC. 'll  ■ 

1 

;nr 

PROCRer  cci :  t 

EfiC-iriEERlD'- 

PETFCOFNEM 

ppc:-r.  i:  1 1  of: 

TDTnL 

CD  r  T 

T'ERF  T  If"** 

n  . 

?FT  «. 

rEIIilf* 

l  >  r  c  . 

n. 

\~ic. 

:-i :  T  E  r; : 

n. 

£4  ;  . 

"RE.:*  r.'Pf**T 

n. 

cc  ?. 

rai  a 

-  ;  . 

Q. 

? ; . 

70FT0TRL  *. Efi'I**’' 

n. 

c  :£F  . 

nefir.'pecTr.Pinii 

PRcr'D'HiDr* 

nk 

n. 

FRQTCr,  PE 

Ell. 

r  | 

r  11  . 

togl-ie:t  eg 

“C 

0* 

-c 

rrjF*I0ToL  fjPC**’* 

f  -  c 

r‘- 

r:r=.fc 

TOT  PC  ‘E’T 

:  . 

r»„ 

flVCOIT  n. 

nr. 

TOTFiL  8rv  PRPP  CD “T 

r.nn 

r.iT  4c  .r,r  .-*  '  GL 

7  n  ECf: : 

r. n r.n  r.*.,  ; i  n.sr.r 

r-F.H.F.  r.i-ii: 

LCr.'CTE  C* .  r  r.  r* 

Edit 

O.nrr.  riE^-EL  C.rnr 

IF.-FPE  n^«7:l 

flE'h  TTRf.-CT 

*■"'  10.001*  r*> ;cf 

u.*5?4  rjEcrr 

r*v rnn  ppdt *:  4.1C*r 

ncpc:.:  r. 

ieeirom*:: 

r.iE  J'.nr, r*  r..£CF 

41.0*1  CNF  ID 

O.n r.n  PF.criE  4.j;r, 

fcCPLr.E  5 . 1  rs  r 

■pr.iR  ii.n.cno  criprn : 

R74n. 

Rr.iF.FwC  l.E.nr 

Cr-FEFF  -0.1? 

?CF)EPr*LE  I 

ENMh:  in.nnn  entitfe 

enisim 

EcrcPLr.  i.?rn 

pprjp  n.^r 

iq:t  RRf"**E : 

PET  E  CDF  HEM 

PPOr  r-ri  iqti 

TDTRL  CC  “1 

FPort 

EF  T  c  . 

n. 

£F.r=  v 

CENTER 

TC'lc. 

n. 

?  n  i  £• . 

TO 

74??. 

a. 

74 . 
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Table  8-23.  PRICE  Hardware  Acquisition  Costs  (Continued) 


MFP«R' '  COOPflfl'.  '  Ft  '  01  *  '  VhF  W"F  PMC  £NF 


"INPUT  PAT A 

PRICE  •? 7F  c4-^r.i7- 

19  in:  n£  ; 

OTV  n.  proto: 

4  .  n  f..T  c 
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tools  for  providing  guidance  to  MFBARS  engineering  and  management  per¬ 
sonnel  in  assessing  the  LCC  impact  of  proposed  hardware  configurations. 

The  Phase  I  LCC  prediction  varied  from  $92M  to  $116M,  depending 
upon  the  model  used  and  the  hardware  configuration  (Table  8-25).  The 
PRICE  LCC  prediction  was  heavily  proportioned  toward  acquisition  costs. 
The  10.5  percent  of  LCC  remaining  for  logistics  support  is  extremely  low. 
On  the  other  hand,  the  PRICE  software  procurement  cost  was  considerably 
higher  than  that  anticipated  by  FRW. 

The  Phase  II  LCC  study  saw  some  input  values  dramatically  increased 
over  Phase  I  levels  (8.4.1),  due  to  improved  definition  of  the  design 
and  readjustment  of  cost  inputs  in  today's  economic  climate.  Of  the 
models  used  in  the  Phase  II  analysis,  only  the  TRI-TAC  model  shows 
total  LCC  costs.  The  LSC  model,  indicating  costs  of  533.7  and  $21. 8M 
(Table  8-25)  for  the  two  cases  presented,  does  not  include  development, 
acquisition  or  operational  costs,  and  the  mini  version  excludes  certain 
support  cost  categories.  The  Phase  II  PRICE  results  of  58.013M  indicates 
development,  cost  and  integration  costs  for  TRW  urits  only,  it  does  not 
include  production  costs.  (PRICE  LCC  runs  were  not  provided  by  the 
Government  during  Phase  II). 

There  is  relatively  close  agreement  in  software  procurement  costs. 
Among  the  three  models  used,  procurement  costs  were  5363M  (PRICE-S), 

5353M  (SCEP),  and  54.0M  (LSC),  respectively;  in  addition,  the  LSC 
model  designated  $  ,9M  for  software  support  costs. 

The  total  life  cycle  cost,  as  projected  by  the  TRI-TAC  model, 
now  stands  at  5255M.  This  sum  will  be  used  as  the  baseline  for  the 
Phase  III  effort.  TRW  anticipates  that,  as  the  design  matures  in 
Phase  III,  improved  definition  of  cost  inputs  will  provide  increased 
accuracy  of  MFBARS  economic  analyses. 
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Table  8-25.  MFBARS  Phases  I  and  II  LCC  Summary  Chart 
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*Less  FCB  &  Associated  AGF 


9.  RECOMMENDATIONS  FOR  PHASE  III 


TRW's  baseline  system  for  MFBARS  employs  advanced  technology  to  achieve 
the  basic  objectives  of  real  estate  and  life  cycle  cost  savings.  In  order 
to  solidify  this  system  design,  an  examination  of  this  technology  was  under¬ 
taken  during  the  Phase  II  study  to  assure  that  the  proposed  system  could  be 
implemented  for  operation  in  the  late  1980's.  The  results  of  this  examina¬ 
tion  (Table  9-1)  indicated  that  the  required  technologies  are  presently 
available  except  for  additional  improvements  in  a  limited  number  of  areas. 

No  new  breakthroughs  in  technology  are  required.  Most  of  the  required  addi¬ 
tional  technology  will  occur  as  a  natural  outgrowth  of  scientific  and 
engineering  progress.  However,  some  of  this  technology  is  unique  to  MFBARS. 
Therefore,  it  is  prudent  for  the  MFBARS  program  to  conduct,  in  Phase  III, 
a  validation  of  the  critical  technology  areas  associated  with  the  baseline 
design.  A  study  was  conducted  to  identify  the  priorities  for  such  an  under¬ 
taken.  The  criteria  for  the  priority  recommendation  is  based  on: 

•  High  leverage  for  cost  and  size  reduction 

•  Development  lead  time 

•  Uniqueness  to  MFBARS 

•  Risk  minimization  prior  to  advance  development  model. 

The  results  of  this  evaluation  are  tabulated  in  Table  9-2,  and  indicate  that 
the  four  tasks  should  be  considered  for  Phase  III.  These  tasks  are  described 
in  the  next  four  sections  of  this  report  and  are  as  follows: 

•  Design  development  of  an  RF  LSI  HF/VHF/UHF  receiver  module. 

•  Validation  and  demonstration  of  the  matrix  signal  processor 
architecture. 

•  Oesign  and  development  of  a  wideband  antenna  system. 

•  Design  and  development  of  an  RF  LSI  quadrature  linear 
amplitude  modulator. 
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Table  9-1.  MFBARS  Technology  Status 

TECHNOLOGY  STATUS 

1.  RECEIVER 

LOW  NOISE  AMPLIFIER  UNDER  DEVELOPMENT  AT  TRW 

RF  LSI 

SP4T  SWITCH  UNDER  DEVELOPMENT  AT  TRW 

4PST  SWITCH  NEW,  TECHNOLOGY  SIMILAR  TO  SP4T  SWITCH 

IF  CORRELATOR/DEMODULATOR  NOSC  CONTRACT,  GPS  PROPOSAL 

GPS  FREQUENCY  SYNTHESIZER  GPS  PROPOSAL 

RF  AMPLIFIER/DOWNCONVERTER  NOSC  CONTRACT,  GPS  PROPOSAL 

HF/VHF/UHF  CONVERTER  NEW,  TECHNOLOGY  MATURE 

AMPLIFIER 

GENERAL  PURPOSE  FREQUENCY  NEW,  SIMILAR  TO  EXISTING  CHIP  (FSP) 

SYNTHESIZER 

DIGITAL  CORRELATOR/CONVOLVER  NEW,  TECHNOLOGY  MATUR. 

SAW  FILTERS  NEW,  TECHNOLOGY  MATURE 

2.  TRANSMITTERS 

L-BAND  POWER  AMPLIFIER  EBS  TECHNOLOGY  UNDER  DEVELOPMENT 

VHF/UHF  POWER  AMPLIFIER  BIPOLAR  TECHNOLOGY  MATURE,  ADDITIONAL 

DEVELOPMENT  REQUIRED  FOR  FET 

RF/LSI 

QUADRATURE  MODULATOR  NEW,  TECHNOLOGY  MATURE 

3.  MICROSIGNAL  PROCESSOR 
DIGITAL  LSI  (2) 

.MATRIX  SWITCH  NEW,  TECHNOLOGY  MATURE 

SEQUENCER/CONTROLLER  NEW,  TECHNOLOGY  MATURE 

PROCESSOR  ARCHITECTURE  NEW,  DESIGN 

4.  ADAPTIVE  ANTENNA 

WIDEBAND  ANTENNA  ELEMENTS  NEW  DEVELOPMENT 

ANTENNA  PLACEMENT  TECHNIQUE  REOUIRED  OF  DEVELOPMENT  OF  COMPUTER 

SIMULA*  :wr:  yyv'-yj'.r 

LOW  LOSS  WEIGHT  NEW  DEVELOPMENT 

ALGORITHM  TECHNOLOGY  MATURE ,  NEW  DESIGN 
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Table  9-2.  Technology  Development  Priority  Assessment 


Table  9-2.  Technology  Development  Priority  Assessment  (Continued) 


ALGORITHM  MEDIUM  AVERAGE  YES 


9.1  RF  LSI  VHF/UHF  RECEIVER  MODULE 


The  proposed  module  is  possibly  the  heart  of  receivers  and  covers  the 
frequency  region  from  HF  to  UHF,  2  to  500  MHz,  which  is  utilized  by  many 
of  the  CNI  systems  such  as  SEEK  TALK,  UHF  SATCOM,  SINCGARS,  and  HF  radio. 

Its  development  will  allow  an  early  evaluation  of  the  standard  module  con¬ 
cept  in  the  MFBAR  program  or  other  similar  integrated  radio  and/or  radar 
systems . 

The  proposed  module  as  shown  in  Figure  9-1  consists  of  an  RF  LSI  chip, 
two  filters,  and  a  frequency  synthesizer.  The  RF  LSI  chip,  wideband  RF 
converter/ampl ifier  is  new  and  has  to  be  developed  in  this  program.  It 
consists  of  three  stages  as  shown  in  Figure  9-2,  and  can  be  configured  to 
perform  single,  double,  or  triple  conversion  and/or  be  used  as  an  RF/IF 
amp! ifier. 

The  first  stage  has  a  low-noise  wideband  AGC  amplifier  at  the  front 
end  followed  by  a  mixer.  The  second  stage  reverses  this  order  with  the 
mixer  followed  by  an  AGC  amplifier.  The  LO  inputs  for  these  two  stages 
are  connected  through  switches  which  are  used  to  select  one  of  two  possible 
LO  inputs.  Both  mixer  outputs  are  brought  out  from  the  chip  to  allow  for 
external  filtering.  The  LO  inputs  can  also  be  dc  and  can  cause  one  or  both 
stages  to  operate  as  wideband  AGC  amplifiers.  The  final  stage  of  the  chip 
is  used  to  form  two  quadrature  signals  (I  and  Q)  for  demodulation.  The 
quadrature  signals  are  generated  by  mixing  with  the  LO  signals  which  are 
90  degrees  out  of  phase.  The  90  degree  phase  shift  of  the  LO  is  obtained 
internally  to  the  chip  through  a  divided-by-4  circuit.  Thus,  the  last  LO 
input  signal  frequency  must  be  four  times  that  of  the  desired  frequency.  The 
recommended  specifications  for  the  RF  LSI  chip  are  summarized  in  Table  9-3. 

The  two  filters  in  the  module  are  used  to  attenuate  the  unwanted  side¬ 
bands  of  the  first  two  mixers.  The  first  filter  can  be  either  a  highpass 
filter  with  cutoff  frequency  at  225  MHz  or  a  direct  connection  and  thus  can 
be  used  to  select  either  the  upper  sideband  of  the  first  mixer  or  let  the 
signal  pass  through  without  filtering.  The  second  filter  is  a  bandpass 
filter  centered  at  the  IF  frequency  of  70  MHz. 


HF/VHF/UHF  Receiver  Block  Diagram 


Table  9-3.  Recommended  Specifications  for  Frequency 
Converter/Amplifier  RF  LSI  Chip 


Item 

Specification 

Input  Frequency  Range 

2  to  500  MH2 

Wideband  Output  Frequency 

70  MHz 

Video  Bandwidth 

10  MHz 

Video  Output  Imbalance 

Phase 

<2  degrees 

Ampl i tude 

<0.5  dB 

Gain 

60  dB 

AGC  Range 

70  dB 

1  dB  Output  Compression  Level 

0  dBm 

Noise  Figure 

5  dB 

Local  Oscillator  Level 

. 

-10  dBm 

The  receiver  module  also  contains  a  UHF  frequency  synthesizer  (295  to 
500  MHz),  which  can  be  either  connected  directly  or  through  a  divided-by-5 
circuit  into  the  L0  port  of  the  second  mixer.  By  means  of  this  frequency 
synthesizer,  the  output  of  the  second  mixer  is  centered  at  70  MHz.  The 
frequency  synthesizer  is  expected  to  employ  the  TRW-developed  RF  LSI  chip 
general  purpose  frequency  synthesizer.  This  chip  contains  a  complete  single¬ 
loop  indirect  frequency  synthesizer.  The  recommended  specifications  for 
the  frequency  synthesizer  are  tabulated  in  Table  9-4.  It  should  also  be 
noted  that  the  receiver  module  provides  a  means  to  substitute  an  external 
frequency  synthesizer  as  desired. 


-352- 


Table  9-4.  Frequency  Synthesizer  Specifications 


Item 

Specification 

Frequency  Range 

295  to  500  MHz 

Step  Size 

5  kHz 

Sett! ing  Time 

S200  US 

Settling  Error 

5  degrees 

Output  Power 

-10  dBm 

Spurious 

-60  dBc 

The  proposed  program  also  includes  the  task  of  demonstrating  the  capa¬ 
bility  and  performance  of  this  module.  The  task  can  be  accomplished  with 
a  test  setup  as  shown  in  Figure  9-1.  The  test  set  is  configured  to  operate 
over  the  MFBARS  frequency  band  HF,  2  to  30  MHz;  VHF,  30  to  88  MHz;  and  UHF, 
225  to  400  MHz.  For  HF  operation,  the  first  mixer  is  operated  with  a  dc 
input  and  causes  the  mixer  to  act  as  a  buffer  amplifier.  No  frequency  con¬ 
version  takes  place.  The  L0  for  the  second  mixer  must  be  selected  from  the 
divided-by-5  output  which  will  have  the  desired  frequency  range  of  72  to 
100  MHz. 

For  the  VHF  operation,  the  L0  of  the  first  mixer  will  be  at  195  MHz 
and  thus  upconvert  the  VHF  input  signals  into  the  UHF  range  of  225  to  283 
MHz.  It  will  be  necessary  to  employ  the  highpass  filter.  The  output  of 
the  UHF  frequency  synthesizer  can  be  used  directly  as  the  second  L0  to 
generate  the  70  MHz  IF. 

Similarly,  for  the  UHF  input  signal,  the  70  MHz  IF  can  be  achieved  with 
dc  for  the  first  LO  and  direct  application  of  the  UHF  frequency  synthesizer 
as  the  second  LO.  The  operation  and  setting  of  the  receiver  module  for  the 
different  frequency  bands  are  summarized  in  Table  9-5. 
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Table  9-5.  RF  LSI  HF/VHF/UHF  Receiver  Module  Setting 


The  test  setup  is  also  configured  to  demonstrate  the  usefulness  of  the 
receiver  module  to  perform  demodulation.  Two  video  outputs  are  in  quadra¬ 
ture  and  these  can  be  conveniently  connected  externally  to  demodulate  PM, 

AM,  PSK,  QPSK,  FM,  and  other  waveforms.  For  example,  PM  and  FM  signal 
demodulation  and  carrier  tracking  can  be  accomplished  by  utilizing  the  loop 
filter  and  VCO  circuit  connected  as  shown  in  the  test  equipment  in  Figure  9-1. 
In  the  case  of  digital  processing,  a  fixed  frequency  LO  is  used  and  the  I 
and  Q  outputs  comprise  the  two  quadrature  components  of  the  signal  waveforms. 
They  are  available  for  IF  sampling  and  A/D  conversion  into  digital  signals 
for  processing  by  the  computer  or  signal  processor. 

9.2  TASK  AND  SCHEDULE 

The  purpose  of  the  proposed  program  is  to  design  and  develop  a  HF/VHF/ 

UHF  RF  LSI  receiver  module  prototype.  The  program  consists  of  four  tasks. 

The  first  task,  definition,  is  for  conceptual  design  and  detail  definition  of 
the  module  and  the  RF  LSI  chips.  The  second  task,  RF  LSI  converter/amplifier, 
is  for  the  development  and  building  of  the  RF  LSI  chips.  The  third  task, 
receiver  module,  includes  the  electrical  design,  construction,  and  testing 
of  the  receiver  modules.  The  last  task  is  for  the  assembly  of  the  commer¬ 
cial  and  special  test  equipment  for  testing  of  the  receiver  module.  The 
schedule  for  these  tasks  is  shown  in  Table  9-6. 
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9-6.  RF  LSI  HF/VHF/UHF  Receiver  Module  Development  Schedule 


TEST  EQUIPMENT 


9.3  VALIDATION  AND  DEMONSTRATION  OF  MATRIX  SIGNAL  ARCHITECTURE 


The  MFBARS  Phase  II  design  study  defined  the  requirements  and  approach 
for  a  terminal  encompassing  seven  different  waveforms,  including  GPS,  JTIDS, 
IFF,  and  SEEK  TALK.  A  low  cost  TRW  implementation  for  a  fully  integrated 
terminal  incorporating  small  volume  and  low  complexity  consisted  of  an  RF 
LSI  front  end  and  a  high  performance  signal  processor.  The  microprocessor- 
based  signal  processor  or  microsignal  processor  is  a  key  flexibility  and 
programmable  element  providing  all  baseband  digital  processing.  This 
includes  modulation,  demodulation,  digital  filtering,  link  error  correction/ 
detection,  and  control/display. 

High-speed  real-time  algorithm  program  executions  are  required  for  all 
simultaneous  signal  processing  as  well  as  meeting  the  combined  200  kbps 
input  rates.  The  selected  processor  architecture,  a  closely-coupled  dis¬ 
tributed  processor,  can  achieve  very  high  processing  capability  in  a  small 
volume.  The  processor  module  interconnection  network  is  based  on  a  matrix 
or  cross-bar  switch  not  unlike  that  used  in  telephone  exchanges.  All  pro¬ 
cessor  module  outputs  (CPU,  RAM,  ROM,  and  I/O)  can  be  connected  to  all  of 
the  module  inputs  upon  command.  Maximum  multiprocessing  utilization  and 
limited  fault  tolerance  are  features  of  this  matrix-signal-processor  (MSP). 

The  largest  multiprocessor  configuration  is  four  microprocessors  inter¬ 
connected  by  the  matrix  switch.  A  basic  consideration  of  the  interconnec¬ 
tion  is  the  degree  of  path  conflicts  or  data  concurrency.  Higher  processing 
efficiency  would  have  fewer  possible  conflicts.  Considerable  analysis  is 
required  for  different  classes  or  applications. 

Computer  emulations  are  highly  desirable  as  an  effective  method  of 
modeling  the  MSP  without  committing  to  the  expense  of  hardware.  Benchmark 
programs  can  be  programmed  and  executed  by  use  of  an  accurate  computer  model 
of  the  basic  MSP  operation.  Architecture  refinements  and  iterations  can  be 
rendered  inexpensive  by  modifying  the  model  and  performing  a  parametric 
sensitivity  analysis. 


The  two  selected  MSP  emulators  are  the  SMITE  and  CDL  programs.  Refer 
to  the  task  definitions.  Table  9-7.  SMITE  is  a  multiprocessor  analysis 
program  emphasizing  performance  measurement  and  functional  validation.  CDL 
is  a  digital  design  language  for  multicomputer  hardware  simulation  for  hard¬ 
ware  mapping  and  realizability.  SMITE  is  used  as  a  higher  order  language 
performance  validator,  complementing  the  more  detailed  CDL  model  which  can 
validate  actual  processing  throughput.  Both  programs  are  recommended  for 
MSP  architecture  validation  and  demonstration. 

Table  9-7.  Validation  and  Demonstration  of  Matrix 
Signal  Processor  Architecture 

i 

Tasks  j 

Benchmark  algorithm  selection  and  applications  firmware 
signal  processing  algorithms 

GPS  Acq,  R-S  encoding,  modem 

Microcomputer  Firmware 

Executive,  resource  allocator 

Assembler  Modification 

Existing  MSP  assembler  table  change 

MSP  Evaluation  —  I 

Smite-analysis  of  multicomputer  architectures  oriented 
toward  performance  measurement  and  functional 
validation 

MSP  Emulation  —  II 

CDL  —  digital  design  language  for  computer  hardware 
simulation  oriented  toward  hardware  mapping  and 
realizability 

The  basic  tasks,  in  addition  to  the  MSP  emulation,  include  benchmark 
or  demonstration  programs  such  as  Reed-Solomon  decoding  for  effective  per¬ 
formance  display  and  the  associated  assembly  language  level  instructions 
(which  can  be  converted  to  machine  level  micro-instructions  through  the 
assembler).  These  tasks  are  necessary  to  provide  the  input  stimuli  for  MSP 
signal  processing  emulation  performance  and  operation.  Normalized  compari¬ 
sons  with  standard  benchmarks  such  as  1024-point  complex  FFT  times  are  now 
feasible. 


An  8-month  schedule  should  be  used  for  SMITE  and  CDL  emulation  develop¬ 
ment  and  evaluation.  Emulation  should  be  about  70  percent  of  the  total 
effort.  Figure  9-3  documents  the  final  report  with  summary  results,  alter¬ 
native  architecture  study,  and  emulation  descriptions. 


SCHEDULE 

APPLICATIONS  FIRMWARE 
MICROCOMPUTER  FIRMWARE 
ASSEMBLER  DEVELOPMENT 

MSP  EMULATION-1  (SMITE) 

MSP  EMULATION-1 1  (CDL) 

DOCUMENTATION 

Figure  9-3.  Validation  and  Demonstration  of  Matrix 
Signal  Processor  Architecture 
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9.4  WIDEBAND  ADAPTIVE  ANTENNA  SYSTEM 

9.4.1  Wideband  Antenna  Element  Design 

9.4.1. 1  Problem 

A  high  performance  solution  employing  different  antenna  arrays  for  each 
MFBARS  frequency  band  of  function  is  extremely  costly.  An  effective  com¬ 
promise  single  array  solution  for  JTIDS/GPS  can  be  realized  provided  that  a 
wideband  antenna  element  satisfying  the  following  requirements  can  be 
developed  (a  similar  design  philosophy  but  different  design  constraints 
can  be  applied  to  SEEK  TALK/S INCGARS): 

•  Desired  signal  coverage 

—  Overhead  for  GPS 
—  On  horizon  for  JTIDS 

•  Desired  signal  polarization 

-  RHCP  for  GPS 

-  Vertical  for  JTIDS 

•  Bandwidth 

—  L-|  and  for  GPS 

-  Wideband  frequency  hop  for  JTIDS 

9. 4. 1.2  Approach 

Several  approaches  have  been  considered,  but  the  two  most  attractive 
ones  are  based  upon  a  conformal  antenna  element  developed  by  Harris 
Corporation  for  GPS  on  an  IR&D  program.  An  important  feature  of  this 
multimode  microstrip  design  is  that  it  can  simultaneously  satisfy  the 
JTIDS/GPS  coverage  requirements.  However,  "everal  important  problems  must 
be  solved,  including: 

•  An  element  optimized  for  GPS  will  have  low  gain  in  the  JTIDS 
band  unless  the  element  can  be  rapidly  tuned  electronically 

•  An  element  optimized  for  JTIDS  will  be  too  large  to  array 
effectively  at  GPS  frequencies. 
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An  adaptive  array  processor  which  forms  nulls  independently  in  sub¬ 
bands  of  the  full  bandwidth  is  planned  for  JTIDS.  Thus,  information 
necessary  for  the  tuning  of  antenna  elements  is  available.  Alternately,  a 
nonconformal  element  design  incorporating  a  monopole  as  well  as  microstrip 
components  is  under  consideration  (both  fixed  and  electrically  tuneable). 

9. 4. 1.3  Tasks 

The  realization  of  a  wideband  design  will  require  efforts  ranging  from 
system  level  specification  of  minimum  acceptable  performance  to  product 
design  and  testing.  Several  important  tasks  are: 

•  Definitization  specification 

•  Prel iminary  design 

•  Performance  estimation  and  design  simulations 

•  Selection  of  best  candidate 

•  Detail  design 

•  Model  fabrication 

•  Test 

•  Results  analysis  and  comparison  with  theoretical  predictions 

•  Design  revision  and  repeat  of  fabrication  test 

•  Report. 


9.4.2  Low  Loss  Weight 

9.4. 2.1  Problem 

A  hybrid  analog/digital  adaptive  array  processor  can  very  effectively 
reduce  system  costs.  Critical  components  in  this  approach  are  the  analog 
RF  weights  controlled  by  a  digital  processor.  The  customary  RF  weight  is 
made  from  inphase  and  90-degree  phase-shifted  power  splitters  which  feed  RF 
attenuating  devices  such  as  PIN  diodes.  This  approach,  however,  has  the 
disadvantage  of  relatively  high  minimum  loss  (approximately  10  dB). 

In  order  to  prevent  significant  system  noise  figure  degradation, 
large  amounts  of  low  noise  amplification  (LNA)  are  required  to  overcome 
weight  insertion  loss.  Additionally,  in  order  to  prevent  signal -jammer 
cross-modulation,  the  LNA  must  have  excellent  intermodulation  properties. 
One  high  quality  amplifier  is  required  for  each  antenna  element;  this  is  a 
relatively  space  expensive  fix. 

9. 4. 2. 2  Approach 

The  need  for  high  performance,  low  noise  amplifiers  is  reduced  or 
eliminated  if  a  very  low  loss  RF  weight  can  be  achieved.  Three  approaches 
are  suggested: 

•  Dual  phase  shifter.  Power  is  divided  into  two  equal  parts. 

Each  is  phase  shifted  independently  and  recombined.  This 
results  in  an  arbitrary  amplitude  and  phase  adjustment. 

Varactor  phase  shifters  may  be  applicable  to  MFBAR5. 

•  Phase  shifter/attenuator.  Use  of  varactors  and  PIN  attenu¬ 
ators  is  suggested. 

•  Inphase-guadrature  power  division.  Variable  low  noise  gain 
elements  replace  the  customary  attenuators.  Low  noise  FET 
devices  are  envisioned  here. 
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9.4.3  MFBAR  Antenna  Placement  Study 
94.3.1  Problem 

Antenna  element  placement  suitable  for  an  adaptive  array  on  an  air¬ 
frame  is  considerably  more  difficult  than  element  placement  for  simple 
coverage  alone.  The  primary  problem  is  that  good  reception  of  the  jammers 
is  required  for  effective  null  formation  (nulling  a  jammer  by  15  dB  requires 
that  the  jammer  inputs  match  to  within  0.05  dB  amplitude  and  0.95  degrees 
RMS  phase).  Additionally,  grating  conditions  must  be  avoided  if  desired 
signal  ennancement  is  sought.  This  requirement  is  in  conflict  with  good 
angular  resolution  of  the  jammers. 

Regarding  individual  antenna  element  patterns,  it  is  evident  that  if 
element/airframe  coupling  results  in  one  element  having  a  null  in  a  par¬ 
ticular  direction  and  the  other  elements  having  good  gain  in  that  same 
direction,  nulling  degree  of  freedom  will  be  lost  if  a  jammer  is  located 
in  that  direction.  For  a  fully  constrained  array  (N  elements,  N-l  jammers), 
performance  will  suffer.  Furthermore,  due  to  limited  available  space  for 
antenna  location  and  the  high  cost  of  element  placement  on  an  airframe, 
it  is  desirable  to  share  arrays  among  the  several  MFBARS  functions.  This 
substantially  compounds  the  array  design  problem.  Consider  an  array  used 
simultaneously  for  JTIDS  and  GPS.  If  elements  are  placed  to  avoid  grating 
conditions  for  GPS,  low  resolution  of  JTIDS  jammers  will  occur. 

9. 4. 3. 2  Approach 

For  resolution,  the  problem  must  be  divided  into  two  major  parts: 
basic  array  configurations  and  the  effect  of  airframe/element  interactions. 
Because  what  is  acceptable  (or  good)  for  JTIDS  may  be  poor  for  GPS,  system 
level  considerations  are  required  to  establish  the  basic  shared  array 
designs. 

For  example,  grating  nulls  may  actually  be  desirable  for  JTIDS.  A 
widely  spaced  array  design  which  has  a  grating  null  at  one  frequency  may 
well  have  a  lube  at  another.  Consequently,  the  fast  wideband  frequency 
hop  of  JTIDS  might  ensure  that  half  of  all  signals  are  received  on  an  an¬ 
tenna  grating  lobe.  Conversely,  GPS,  being  direct  spread,  would  be  harmed 
unless  the  widely  spaced  elements  are  turned  off  in  that  frequency  band. 
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Secondly,  the  effect  of  airframe/element  interactions  can  be  accounted 
for  through  the  use  of  GTD  (Geometric  Theory  of  Diffraction)  analysis.  An 
interactive  process  wherein  basic  array  designs  are  generated  and  then 
specifically  evaluated  for  airframe  effects  is  expected  to  result  in  a  satis¬ 
factory  overall  design.  Principal  items  in  this  approach  are: 

•  Basic  Array  Configuration 

—  System  requirements 

-  Space  availability 

-  Function  sharing  constraints 

•  Airframe/Element  Interactions 

-  Modify  adaptive  and  GTD  performance  prediction  computer 
programs 

-  Evaluate  specific  array  designs  for  specific  signals 
and  jammers. 

9. 4. 3. 3  Tasks 

Most  tasks  in  this  effort  involve  design  or  analytical  evaluation.  No 
hardware  is  to  be  constructed  or  experimentally  evaluated.  A  summary  of  the 
effort  follows: 

•  Establish  system  level  constraints  and  performance  requirements 

•  Produce  several  basic  preliminary  array  designs 

•  Expand  GTD/adaptive  analysis  computer  programs 

•  Evaluate  preliminary  array  designs  in  a  representative 

system  context 

•  Interactively  refine  basic  array  designs  and  evaluate 

•  Select  the  best  design  and  detail  its  performance 

•  Report. 


9.5  RF  QUADRATURE  LINEAR  AMPLITUDE  MODULATOR  CHIP 


The  proposed  RF  LSI  chip  is  the  quadrature  linear  amplitude  modulator. 

As  shown  in  Figure  9-4,  it  consists  of  two  basic  stages.  The  first  stage  is 
a  quadrature  linear  modulator  which  generates  the  modulations  at  the  IF 
frequency;  the  second  stage  is  a  converter  for  obtaining  the  desired  output 
carrier  frequency  at  higher  or  lower  levels  than  the  IF.  The  heart  of  the 
first  stage  is  the  two  four-quadrant  multipliers  .<hich  have  the  baseband 
data  as  one  set  of  inputs  and  the  IF  carriers  as  the  other.  The  IF  carriers, 
generated  by  frequency  dividing  the  LO  No.  1  by  4,  have  the  same  frequency 
but  offset  by  90  degrees  in  phase.  The  outputs  of  the  multipliers  are  then 
linearily  summed.  The  summed  output  is  split  into  two  outputs.  One  output 
is  buffered  and  brought  out  of  the  chip  for  use  at  the  IF  frequency,  the 
other  is  connected  to  the  mixer  of  the  second  stage.  The  mixer  then  con¬ 
verts  (up  or  down)  the  modulated  signal  to  the  desired  RF  frequency  for 
transmission.  The  recommended  specifications  for  this  RF  LSI  chip  are  shown 
in  Table  9-8. 
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Figure  9-4.  Quadrature  Linear  Amplitude  Modulator  Chip 


Table  9-8.  RF  LSI  Quadrature  Linear  Amplitude 
Modulator  Chip  Sepcifications 


Modulation 

Specification 

LO  No.  1  Frequency  Range 

10  to  1600  MHz 

Input  level 

-10  dBm 

I  or  Q  Data  Rate 

0  to  200  Mbps* 

Output  No.  1 

Modulated  IF 

Level 

0  dBm 

Frequency 

1/4  of  L0  No .  1  frequency 

LO  No.  2  Frequency  Range 

10  to  1600  MHz 

Input  1 evel 

-10  dBm 

Output  No.  2 

RF  output 

Level 

0  dBm 

Frequency 

LO  No.  1  +  LO  No.  2 

4 

But  less  than  1 500  MHz 

Maximum  DC  Power 

1  .5  W 

Chip  Size 

200  mils  square 

Phase  Imbalance 

±2°  (±3°  for  fQ  >100  MHz) 

Amplitude  Imbalance 

±0.3  dB 

Amplitude  Modulation  Constant 

100  percent  per  volt  ±5  percent 

★ 

Must  be  less  than  1/8  x  LO  No.  1  frequency. 


This  RF  LSI  chip  utilizes  a  proven  configuration  previously  developed 
in  the  Standard  Avionic  Module  (SAM)  program.  This  configuration  was  proven 
capable  of  generating  most  modulation  waveforms  such  as  AM,  PM,  PSK ,  QPSK, 
FM,  and  FSK.  For  AM  modulation,  it  is  only  necessary  to  put  the  same  modu¬ 
lating  signal  to  both  baseband  inputs.  For  PM  modulation,  the  rms  value  of 
the  two  baseband  inputs  must  be  constant  and  the  ratio  of  the  inputs  varies 
as  a  function  of  the  information.  Other  modulation  waveforms  can  be  simi¬ 
larly  formulated.  This  RF  LSI  chip  is  particularly  useful  when  the  baseband 
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inputs  are  derived  from  a  signal  processor  which  can  be  readily  programmed 
to  formulate  the  proper  inputs  and  generate  the  desired  modulation  wave¬ 
forms  as  required  by  many  multifunctional  radio  systems  such  as  MFBARS. 

The  proposed  RF  LSI  chip  can  be  developed  in  18  months.  It  involves 
two  cycles  of  design,  layout,  fabrication,  and  testing  as  shown  in  Table  9-9. 
The  first  cycle  is  the  main  effort  and  requires  12  months.  The  second  cycle 
is  for  modification  and  correction,  and  requires  approximately  6  months. 


Table  9-9.  RF  LSI  Quadrature  Linear  Amplitude 
Modulator  Development  Schedule 


^-^IVIONTH  ARO 

TASKS 

1  2  3  4  5  6  7  8  9  10  11  12  13  14  15 

1.  DEFINITION  6  DESIGN 

_ ▲ 

2.  LAYOUT 

- 4 

3.  FAB 

— * 

4.  TEST 

— A 

5.  DESIGN  S  LAYOUT  MOD 

- 4 

6.  FABRICATION 

_ 4 

7.  RE-TEST 

_ 4 

